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第1章　序論
1.1　研究背景
1.1.1　骨組中の柱の圧縮強度と座屈長さ
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1.1.2　既往の研究
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1.2　研究目的と本論の構成
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1.3　関連する既往の研究
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○鋼構造座屈設計指針などに示されている座屈長さ算定図表（文献 1.1) ~ 1.4)）
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節点の水平移動が拘束されていない骨組
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○三谷らの一連の研究（文献 1.5 ~ 1.7)）
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○不均等長方形骨組の弾性座屈荷重略算法（文献 1.8)）
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◯水平補剛剛性を考慮した骨組内柱材の座屈解析（文献 1.10)）
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○節点移動のある均等な骨組の柱材の実用座屈長さ評価式（文献 1.11)）
　節点移動のない均等な骨組の柱材の実用座屈長さ評価式（文献 1.12)）
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○吹き抜け柱の座屈長さ（文献 1.13)）
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○水平移動が拘束される骨組内柱の単独座屈及び連成座屈荷重の近似評価法（文献 1.14)）
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○地震転倒モーメント下での骨組外柱の圧縮耐力に関する 2 つの実験的研究（文献 1.15), 1.16)）
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○鋼柱の座屈長さに関する一考察（文献 1.17)）
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?????????????????????????????????????
1 – 11
??????????? 1.11(a), (b)????????????????
?????? 1? Pcr
1 =
π 2EI
l2
 (1.38a)
?????? 2? Pcr
2 = KHl =
π 2EI
lk( )
2  (1.38b)
? (1.38)? lk???? 2??????????????
? (1.38)?????? 1????????????????????????
Pcr
1 ≤ Pcr
2 ⇒
π 2EI
l2
≤ KHl ⇒ kH ≥
π 2
12
= 0.82  (1.39)
???????kH??????????
kH =
KH
12EI l3
 (1.40)
??? 1.17)?????????????????????????????????? (1.39)??
?????????????????????????????????????????????
????????
??? 1.17)??????? 3??????????????????????????????????
?? 1.5) ~ 1.7)? 1.10)?1.14)??????? 4?????????????????????????
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第2章　地震時柱軸力相当荷重を受ける骨組の弾性座屈性状
2.1　序
???????????????? CLAP.f 2.1)????????????????????????
?????????????????????????????????????????????
??????????????????????? 2????????????????????? 1
??????????????????????????? [K0]??????????
4 4
??????
???????????? [KG]??????????????????? l???????????
???????????????????????????????????
K0⎡⎣ ⎤⎦+λ KG⎡⎣ ⎤⎦ = 0  (2.1.1)
?????????????????????????????????????????????
?????????????????????????????????????????????
?2.2?????????????????????????????2.3????5? 2?????
??????????????????????????????????????????2.4?
?????????????????2.5???????????????????????2.6????
??????????? 5? 2???????????????2.7??????????????
??????????????????????????????????2.8?????????
????????????????????????????
2.2　骨組の設計方針と解析条件
2.2.1　骨組の設計方針
???????????????? h = 4 (m)????CLAP.f????????????????????
?????????????????????????????? 1/200 (rad)??????????
? 2????????????????2.7?????????????? 2?????? Ic? Ib?
?????????????????????? E = 2.05?105 (N/mm2)?????????????
?????????????????????????????????2.3??????????
??????????????????????????????????????????????
?????????????????????????????????????????????
??????????????
????????????????????????
(i)    ??????????????????? q = 50,000 (N/m)?????????????i??
?? Wi?????????
Wi = q Li (2.2.1)
Li?i???????????????
(ii)   ????????? C0 = 0.2????
(iii)  ??????? Z = 1.0????
(iv)  ?????? 2??????????????? Tc = 0.6 (s)?????
(v)   ?????? H???? m???????????? T = 0.03H???? s?????
2 – 2
(vi)  ????????? Rt?????????
T < Tc???    ? Rt =1  (2.2.2a)
Tc ? T < 2Tc?  ? Rt =1−0.2
T
Tc
−1
⎛
⎝
⎜⎜
⎞
⎠
⎟⎟
2
 (2.2.2b)
2Tc ? T??? ? Rt =1.6
Tc
T
 (2.2.2c)
(vii)???? Ai?????????
Ai =1+
1
ai
− ai
⎛
⎝
⎜
⎜
⎞
⎠
⎟
⎟
2T
1+3T  (2.2.3)
ai =
Wk
k=i
n
∑
W1
 (2.2.4)
n??????
i??????????????????
Qi =C0 ⋅Z ⋅Rt ⋅ Ai ⋅ Wk
k=i
n
∑  (2.2.5)
2.2.2　解析条件
?????????5? 2????????? l????? h??? (a = l/h = 1.5)????????? (b/
a = 0.4)???????? 2?????? Ib????? 2?????? Ic??? (b = Ib /Ic = 0.6)???
????????? 2.2.1??????? 2.2)?????????5???? 10?????????
????????????????????? (b/a)? (0.28 ~ 0.80)????Ib , Ic?????????
???????????????? NE???????NE????????? (2.2.6)????
????? 1??????
??Ib = 6.153?10
8 (mm4)??Ic = 10.26?10
8 (mm4)??NE = 130?10
6 (N)
????? 2??????
??Ib = 14.52?10
8 (mm4)??Ic = 24.21?10
8 (mm4)??NE = 306?10
6 (N)
? 2.2.1?????
???? 1 ???? 2
4 (m)
?
?
?
4 (m)
6 (m) 6 (m)
4 (m)
?
?
?
4 (m)
6 (m) 6 (m)
2 – 3
NE =
π 2EIc
h2
 (2.2.6)
??????????????????????????????????????? 2.2.2??????
2.3???????????????????????????????????????????
??????????????????????????????????????????? 2.2.2
??????????????????????????????? [K0]????????????
?????????????????? [KG]?????????????? 2.2.2????????
??????????? 2.2.2???????????????? 50,000 (N/m)?????????
?????????????????????????????????????????????
?????????????????????????????????????????????
???
???????????? 5???????????????? 2???????????????
?????????????????????????????????????????????
???????????????? Ab??????????????????FA????????
?????????????? 104?????? 3??????? 48??????????? Ac???
??????????? Ac , Ic???????????B???? t?????????
Ac = B
2 − B− 2t( )
2
= B2 1− 1− 2t
B
⎛
⎝
⎜
⎞
⎠
⎟
2⎧
⎨
⎪
⎩⎪
⎫
⎬
⎪
⎭⎪
 (2.2.7)
Ic =
B4
12
−
B− 2t( )
4
12
=
B4
12
1− 1− 2t
B
⎛
⎝
⎜
⎞
⎠
⎟
4⎧
⎨
⎪
⎩⎪
⎫
⎬
⎪
⎭⎪
 (2.2.8)
????? 2???? (2.2.9)?????Ac? Ic?????????????????????
Ac =
1− 1− 2t B( )
2
1− 1− 2t B( )
4
12Ic  (2.2.9)
?????????????????????????????? (1/20,000)??????????
?????????????????????????????????????????????
? 2.2.2????? 1????????
????????
????????
?????????
????????
???????
300 (kN) 150 (kN)150 (kN)
300 (kN)
150 (kN)150 (kN)
300 (kN)
150 (kN)150 (kN)
300 (kN)
150 (kN)150 (kN)
300 (kN)
150 (kN)150 (kN)
1.000
1.000
1.872
1.872
2.603
2.603
3.074
3.074
2.859
2.859
?????????? ??????????
??? 3????????????????????????????????????????????
????????????????????????????????????
2 – 4
?????????????????????????????????????????????
?????????????????????????????????????????????
?????????????????????????????????????????????
????????????????????????????????????????
2.3　鉛直荷重分布と骨組の弾性座屈現象
??????????????????? 2.3.1?????????????? 2.2.2???????
?????????????????????????????????????????????
?????????????????????????????? (1:2)????
??????? 2.3.2 ~ 2.3.5????? 2.3.2, 2.3.4?????????? 1??? 2.3.3, 2.3.5???
??????? 2????????????? 2.3.2, 2.3.3?????????? 2.3.1???????
???????? 2.3.4, 2.3.5????????????? 2.2.2?????????????????
? (a), (b)?????????? 1???????? 2?????????????????????
??? Ni? NE??????????i???????????????????????????
??????????(a)????? i???????????? di ????? h????????(b)
????? i?????????? Ri????Ni , di , Ri????????????????????
??????? 2.3.2(a)???? (Ni /NE ? di /h)????????????????????????
?????????????????????????????????????????????
? eig.Nicr? NE????????????????????????????NE?????????
?????????????????
?? 2.3.2, 2.3.3? (a)????????????????????????????????? NE?
???????NE?????????????? NE?????????????????????
????????????????? 2.3.1?????????????????? 2??????
????????????????? NE?????????? 2.3.2, 2.3.3??(c)????????
???????????????(d)????????????????????????????
???????????????????????????????????? sway??????
???????????
?? 2.3.4, 2.3.5??? 2.2.2????????????????????????????????
???????????????(a) ~ (d)?????????? 2.3.2???????(a)?????
? 2.3.1????????????
???????????
2
11
2
11
2
11
2
11
2
11
2 – 5
(d)?????????(c)???????????
? 2.3.2??????????????????????? 1?
(d)?????????(c)???????????
? 2.3.3??????????????????????? 2?
(d)?????????(c)???????????
? 2.3.4????????????????????
??????????????????????? 1?
(d)?????????(c)???????????
? 2.3.5????????????????????
??????????????????????? 2?
?NE??????????????????????
??????????
?Ni ?i???????
?di ?i????????
?Ri ?i????????
 ?N1 /NE
 ?N2 /NE
??????????
?eig.Nicr ?????? i???????
 ?eig.N1cr /NE
 ?eig.N2cr /NE
di /h
Ni /NE
eig.N1cr /NE
eig.N2cr /NE
Ri
Ni /NE
d1 /h
N1 /NE
eig.N1cr /NE
R1
N1 /NE
eig.N1cr /NE
eig.N1cr /NE
eig.N2cr /NE
di /h
Ni /NE
eig.N1cr /NE
eig.N2cr /NE
Ri
Ni /NE
eig.N1cr /NE
eig.N2cr /NE
d1 /h
N1 /NE
eig.N1cr /NE
R1
N1 /NE
eig.N1cr /NE
(a)?????????
???????????
(b)?????????
???????????
(a)?????????
???????????
(b)?????????
???????????
(a)?????????
???????????
(b)?????????
???????????
(a)?????????
???????????
(b)?????????
???????????
2 – 6
?????????????(eig.Nicr /NE)? 1????????? 2.3.4, 2.3.5? (c), (d)???????
?????????????????????????????????????????????
?????????????????????????????????????????????
?????????????????????????????????????????????
?????????????????????????????????
???????????? 1.1) ~ 1.4)??????????????????????????????
?????????????????????????????????????????????
?????????????????????????????????????????????
?????????????? 2.3.2, 2.3.3??????????????????????????
???????? 2.3.4, 2.3.5????????????????????????????????
?????????????????
?? 2.3.2, 2.3.3? (c), (d)??????????????????????? sway?????????
?????????? 2, 3???? S????????????????????????????
??????????????????????????????????????? 2.3.4, 2.3.5?
???2, 3??????????????????????????????? 2.3.4 ,2.3.5? (c)?? (d)
?????????????????????????????????????????????
?????????????????????????????????????????????
?????????????????????????????????????????????
????????????????????????
○柱軸力
?????????????????????????????? 2.3.6????????????
??? i?????? Ni?????????????????????????????? q???
??????
θ = tan−1
δx
j+1 −δx
j
lm +δz
j+1 −δz
j
⎛
⎝
⎜⎜
⎞
⎠
⎟⎟  (2.3.1)
i?????? i????? 1??
Nm
Nm
Qm
Qm Mm
j
Mm
j+1
?? j
?? ( j+1)
?? j???
(dzj, dxj )
?? ( j+1)???
(dzj+1, dxj+1)
i 層
(i-1) 層
??????? (2.3.1) ~ (2.3.3)?
??????? j? j+1???
???? j? ( j+1)?????
?????????????
???????????????
???????x
z
? 2.3.6????????????? 1??????
q
Nm, Mm, Qm???????
q???????
2 – 7
dzj+1, dxj+1??????????????
dzj, dxj??????????????
lm??????????
CLAP.f?????????????? Nm???????? Mm?????????Mm??????
?? Qm?????????
Qm =
Mm
j+1 +Mm
j
lmʹ′
 (2.3.2)
l'm??????????
????????? l'm?????????
lmʹ′ = lm +δz
j+1 −δz
j( )
2
+ δx
j+1 −δx
j( )
2
 (2.3.3)
i?????? Ni?????????
Ni = −Nm cosθ +Q m sinθ  (2.3.4)
○各柱の変形量
??????? di??????????????????dzt, dzb, dxt, dxb?????????????
?????????
δi = h− h+δz
t −δz
b( )
2
+ δx
t −δx
b( )
2
 (2.3.5)
dzt?t?????b???????z??????x?????????
????? Ri??????????
Ri = sin
−1 δx
t −δx
b
h+δz
t −δz
b
⎛
⎝
⎜⎜
⎞
⎠
⎟⎟  (2.3.6)
2 – 8
2.4　地震時柱軸力相当荷重を受ける均等骨組の弾性座屈性状と座屈時柱軸力
2.4.1　解析対象骨組
?2.2?????????????????????????? 2.2.2??????????????
+????????????????????????????????????????????
???????????????????????????????????? n????? s???
????? (b/a)????
?????? 2.2????????????????????15???? 10?????????8?
??????? 2?????????????????? 1??????????????????
????????????8???????? 2???????????????????????
?????????????????h = 4 m???????????????? 2.4.1?? 2.4.1??
??? 2.4.1????????????????????????????????????????
?????2.2?????? 1?? 2.4.1????? 2.4.1(a)??? 52A15B06fix?????????
?? 2?? 2.4.1(b)? 52A15B06pin????? 2.4.1?? 2.4.1? Series A??? n????????
?????????Series B????? s????????????????????Series C???
????? (b/a)?????????????????
2.4.2　各骨組の数値解析結果
??????????????? 2.4.2 ~ 2.4.31????
?(a)??????????????? i????? Ni????????????????????
?????????????????????????????????????????????
??????????????????????? N1?????????????????????
??????????? 1??????????????????1??????????????
?????2?????? 3????????????????????????????????
?????????? 1??? 2?????????????????7???????? 3?????
15????? 4?????????????(a)????????????? d i??????? ui?
???d i????????ui????????????????????????????????
????????? NE????????????????????????????? eig.Nicr????
???????????????????? Nicr???????????????????????
?? (Ni - di)??????????? 0.2????????????????
?(b)?????????????????????? 2.3.2???? (a)?? (b)??????(Nicr /NE 
)??? (eig.Nicr /NE )? 1????????????? h??????
?(c)???????????????????
?(d)?? Nicr?????????????????????????????
2 – 9
Ic Ib Ac NE
( 108 mm4) ( 108 mm4) ( 104 mm2) ( 106 N)
12A15B06fix 1 0.9139 0.5483 0.6830 11.6
22A15B06fix 2 2.586 1.551 1.149 32.7
32A15B06fix 3 5.062 3.037 1.607 64.0
A 52A15B06fix 5 10.26 6.153 2.288 130
72A15B06fix 7 15.33 9.199 2.797 194
102A15B06fix 10 20.23 12.14 3.214 256
152A15B06fix 15 23.87 14.32 3.490 302
51A15B06fix 1 9.321 5.593 2.181 118
54A15B06fix 4 10.79 6.473 2.347 136
56A15B06fix 6 10.98 6.587 2.367 139
58A15B06fix 8 11.08 6.645 2.378 140
52A20B02fix 0.2 2 0.1 35.09 7.017 4.232 444
52A20B04fix 0.4 2 0.2 21.21 8.485 3.290 268
C 52A30B18fix 1.8 3 0.6 15.75 28.35 2.835 199
52A15B13fix 1.3 1.5 0.87 6.504 8.456 1.822 82.2
52A10B16fix 1.6 1 1.6 3.314 5.302 1.300 41.9
B
Se
rie
s
/
0.4
0.41.50.62
5 2
?? n s
5 0.6 1.5
Ic Ib Ac NE
( 108 mm4) ( 108 mm4) ( 104 mm2) ( 106 N)
12A15B06pin 1 4.226 2.535 1.469 53.4
22A15B06pin 2 8.748 5.249 2.113 111
32A15B06pin 3 13.84 8.304 2.658 175
A 52A15B06pin 5 24.21 14.52 3.515 306
72A15B06pin 7 33.60 20.16 4.141 425
102A15B06pin 10 40.59 24.35 4.552 513
152A15B06pin 15 41.65 24.99 4.610 527
51A15B06pin 1 21.19 12.70 3.286 268
54A15B06pin 4 26.22 15.73 3.658 332
56A15B06pin 6 27.01 16.21 3.713 342
58A15B06pin 8 27.44 16.46 3.742 347
52A20B02pin 0.2 2 0.1 74.80 14.96 6.179 946
52A20B04pin 0.4 2 0.2 47.38 18.95 4.917 599
C 52A30B18pin 1.8 3 0.6 39.71 71.48 4.502 502
52A15B13pin 1.3 1.5 0.87 17.41 22.64 2.981 220
52A10B16pin 1.6 1 1.6 9.841 15.75 2.241 124
Se
rie
s
B
2 0.6
?? /n s
5 2
1.5 0.4
5 0.6 1.5 0.4
nsAaBbfix
b??????? 2????????
02?( b = 0.2)
04?( b = 0.4)
06?( b = 0.6)
13?( b = 1.3)
16?( b = 1.6)
18?( b = 1.8)
a?????????????
10?(a = 1.0)
15?(a = 1.5)
20?(a = 2.0)
30?(a = 3.0)
s?????
n???
fix??????pin?????
12A15B06fix
n = 1
52A30B18fix
b/a = 0.6
52A20B04fix
b/a = 0.2
52A15B06fix
b/a = 0.4
s = 2
n = 5
52A10B16fix
b/a = 1.6
22A15B06fix
n = 2
32A15B06fix
n = 3
72A15B06fix
n = 7
102A15B06fix
n = 10
51A15B06fix
s = 1
54A15B06fix
s = 4
56A15B06fix
s = 6
58A15B06fix
s = 8
52A15B13fix
b/a = 0.867
152A15B06fix
n = 15
52A20B02fix
b/a = 0.1
Series A
?? n??????
Series B
???? s??????
Series C
??????? (b/a)
?????????
? 2.4.1??????????
? 2.4.1????????????
(a)??????? (b)???????
n???
s?????
b = Ib /Ic
a = l/h
????? h??? 4 (m)????
??????????????? 2
????????????????
??????????
l?????
h?????
Ib , Ic??????? 2??????
Ac?????
NE??????????????????????
b a b a b a b a
2 – 10
0 
10 
20 
30 
0 200 
!"#$%&!'
()*+"#,-'
"#,-'
".'
0 
10 
20 
30 
0 200 
"#$%/'
()*+"#,-'
"#,-'
".'
0 
1 
2 
3 
0 0.15 
!"#0".$
%&012!'
()*+"#,-0
".'
"#,-0".'
0 
1 
2 
3 
0 0.5 
Ni??????????? i??????????????? 2.3??
Nicr??????????? i???????????????? 2.4.2??
eig.Nicr??????????? i????????????
NE??????????????????????
ui?i?????????????
di?i????????????
Ri?i??????????
(a)?????? (b)??????????
(c)??????
??????
(d)?????? Nicr
???????
? 2.4.2?12A15B06?????????
(a)?????? (b)??????????
(c)??????
??????
(d)?????? Nicr
???????
? 2.4.3?22A15B06?????????
(c)??????
??????
(d)?????? Nicr
???????
? 2.4.4?32A15B06?????????
(a)?????? (b)??????????
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100 
200 
0 400 
!"#$%&!'
"($%&'
)*+,"#-.'
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"(-.'
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)*+,"(-.1
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0 
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0 0.5 
Ni /NENi (10
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di?i????????????
Ri?i??????????
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(c)??????
??????
(d)?????? Nicr
???????
? 2.4.29?52A30B18?????????
(c)??????
??????
(d)?????? Nicr
???????
? 2.4.30?52A15B13?????????
(c)??????
??????
(d)?????? Nicr
???????
? 2.4.31?52A10B16?????????
(a)?????? (b)??????????
0 
200 
400 
600 
800 
0 500 
!"#$%&!'
()*+"#,-'
"#,-'
".'
0 
200 
400 
600 
800 
0 1500 
"#$%/'
()*+"#,-'
"#,-'
".'
0 
0.2 
0.4 
0.6 
0.8 
1 
1.2 
1.4 
1.6 
0 0.15 
!"#0".$
%&012!'
()*+"#,-0
".'
"#,-0".'
0 
0.2 
0.4 
0.6 
0.8 
1 
1.2 
1.4 
1.6 
0 0.5 
Ni /NENi (10
6 N)
di (mm)                   ui (mm) di /h                            Ri
Ni (10
6 N) Ni /NE
(a)?????? (b)??????????
0 
100 
200 
300 
400 
0 400 
!"#$%&!'
()*+"#,-'
"#,-'
".'
0 
100 
200 
300 
400 
0 1000 
"#$%/'
()*+"#,-'
"#,-'
".'
0 
0.2 
0.4 
0.6 
0.8 
1 
1.2 
1.4 
1.6 
0 0.15 
!"#0".$
%&012!'
()*+"#,-0
".'
"#,-0".'
0 
0.2 
0.4 
0.6 
0.8 
1 
1.2 
1.4 
1.6 
0 0.5 
Ni /NENi (10
6 N)
di (mm)                   ui (mm) di /h                            Ri
Ni (10
6 N) Ni /NE
(a)?????? (b)??????????
0 
100 
200 
0 300 
!"#$%&!'
()*+"#,-'
"#,-'
".'
0 
100 
200 
0 1000 
"#$%/'
()*+"#,-'
"#,-'
".'
0 
0.2 
0.4 
0.6 
0.8 
1 
1.2 
1.4 
1.6 
0 0.15 
!"#0".$
%&012!'
()*+"#,-0
".'
"#,-0".'
0 
0.2 
0.4 
0.6 
0.8 
1 
1.2 
1.4 
1.6 
0 0.5 
Ni /NENi (10
6 N)
di (mm)                   ui (mm) di /h                            Ri
Ni (10
6 N) Ni /NE
Ni??????????? i??????????????? 2.3??
Nicr??????????? i???????????????? 2.4.2??
eig.Nicr??????????? i????????????
NE??????????????????????
ui?i?????????????
di?i????????????
Ri?i??????????
(N1) or (N1 /NE)
(eig.N1cr) or (eig.N1cr /NE)
(N1cr) or (N1cr /NE)
(NE)
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2.4.3　考察
○層数の影響
?? 2.4.1?? 2.4.1? Series A????????? h? 4 (m)????? l? 6 (m)????????? (b/
a)? 0.4??? 2?????????????????????????????????????
??????????????????
?? 2.4.2 ~ 2.4.7?? 2.4.17 ~ 2.4.22? (c), (d)?????????????????????????
?????????????????????????????????????????????
??????????? 2.3.4, 2.3.5???????????????????????????
?? 2.4.32, 2.4.33?? 1 ~ 15????????????????????????????????
? eig.Nicr? NE?????????????????????????????? 1????????
???? (eig.N1cr /NE)????? 2????? 3??????????? n????
?????????????????? 2.4.32????????????????????????
???????????????????????????????????????????? (di /h)
?????????????????????????????????????????????
2.4.3????????????????????????? (Ni /NE ? d i /h)???????????
??? 0.2????????????????? 2.4.32???2????? 1??????????
??????????????????????(eig.N1cr /NE)? 1??????????????1?
????????? 2?????1????????????????????2?????????
??????????? 1?????????????????????????????? (eig.N1cr 
/NE)???????????????????????????????????????????
?????????????????????????????????????????????
??????????????1??????? 2???????? 3?????????????
???(eig.N1cr /NE)???????????2???? 1??????????????????? 2
????????????? 2???????????????????????????????
7??????? 2?????????????????? 10?? 15????? 3???????
????????1????????????????????? 2.4.32???1??????????
1???????????????????????????????? 2?????????????
2?????????? 7??????????3?????????? 15???????????
?????????????????????????????????????????????
?????????????????????????????????????????????
????????????????????????????????? 2.4.6???? 10????
?????????????????????????????????????????????
????????????????? 2.6???????
?? 2.4.33???????????????????????? n???? 1??????????
??? (eig.N1cr /NE)??????????????????????????????????????
?????????????????????????????1???????????????
? 2.4.33??????????????????? (eig.N1cr /NE)? 1????????????????
????2???????? 2????????? 1?????????????????????
?????
2 – 19
??????
??????
1?? ??eig.N1cr /NE
2?? ??eig.N2cr /NE
3?? ??eig.N3cr /NE
? 2.4.32????????????
?????????????????
? 2.4.33????????????
?????????????????
? 2.4.2????????????????????????
? 2.4.4????????????????????????
0 
1 
2 
3 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 
n
eig.Nicr /NE
0 
1 
2 
3 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 
0 
1 
2 
3 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 
??????
      ?100 %
      ?50 %
0 
0.2 
0.4 
0.6 
0.8 
1 
1.2 
1.4 
1.6 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 
n
eig.N1cr /NE
?????? 2.3.4?? 2.4.2 ~ 2.4.7
n??????
?????? NE
eig.N1cr /NE eig.N2cr /NE eig.N3cr /NE (106 N)
12A15B06fix 1 2.354 11.56
22A15B06fix 2 2.521 1.001 32.70
32A15B06fix 3 2.373 1.382 0.495 64.01
52A15B06fix 5 2.097 1.572 1.007 129.7
72A15B06fix 7 1.935 1.594 1.209 193.9
102A15B06fix 10 1.793 1.578 1.326 255.8
152A15B06fix 15 1.669 1.539 1.384 301.8
?? n
?????? NE
eig.N1cr /NE (106 N)
12A15B06pin 1 1.155 53.44
22A15B06pin 2 1.314 110.6
32A15B06pin 3 1.316 175.0
52A15B06pin 5 1.298 306.1
72A15B06pin 7 1.285 424.9
102A15B06pin 10 1.271 513.3
152A15B06pin 15 1.256 526.7
?? n
eig.Nicr??????????? i?
???????????
NE??????????????
????????
Series A：梁柱曲げ剛性比 0.4，多層 2 スパン骨組，パラメータは層数
?????? 2.3.5?? 2.4.17 ~ 2.4.22
n??????
? 2.4.3??????? 2????????????????????
○スパン数の影響
?? 2.4.1?? 2.4.1? Series B????????? h? 4 (m)????? l? 6 (m)????????? (b/
a)? 0.4? 5???????????????????????????????????????
????????????????????
?? 2.4.8 ~ 2.4.11?? 2.4.23 ~ 2.4.26? (c), (d)????????????????????????
??????????????????????????? 2.4.8(a)?? 2.4.11(a)????????
?????1????????? 8?????????????????????????????
n
????
4?? 1.4 3.2 8.7 12.9
3?? 3.9 9.9 18.0 41.3 54.5
2?? 29.1 34.9 41.9 41.6 33.1 25.4
1?? 100 70.9 61.1 46.7 36.3 14.4 4.9
7 10 151 2 3 5
2 – 20
? 2.4.26? 8??????????1????????????????????????????
??????????????????? Ri????????? 8???????????????
????2???????????????????????????????
?? 2.4.34, 2.4.35?? 1 ~ 8????????????????????????????????
eig.Nicr? NE?????????????????????????? s??????????????1, 
2??????????????????????????? 2???????????? 2.4.34, 2.4.35
?????????????????????????????????????????????
?????????????????????????????????????????????
?????????????????????????????????????????????
?????????????????????????????????????????????
?????????????????????
○梁柱曲げ剛性比の影響
?? 2.4.1?? 2.4.1? Series C????????? h? 4 (m)? 5? 2?????????????
? 2.4.34??????????????
???????????????????
? 2.4.35??????????????
???????????????????
? 2.4.5??????????????????????????
? 2.4.6??????????????????????????
?????? 2.3.4?? 2.4.8 ~ 2.4.11
s????????
Series B：梁柱曲げ剛性比 0.4，2 層多スパン骨組，パラメータはスパン数
?????? 2.3.5?? 2.4.23 ~ 2.4.26
s????????
0 
1 
2 
3 
1 2 3 4 5 6 7 8 
 ??eig.N1cr /NE
 ??eig.N2cr /NE
s
eig.Nicr /NE
0 
0.2 
0.4 
0.6 
0.8 
1 
1.2 
1.4 
1.6 
1 2 3 4 5 6 7 8 
 ??eig.N1cr /NE
s
eig.N1cr /NE
?????? NE
eig.N1cr /NE eig.N2cr /NE (106 N)
51A15B06fix 1 2.042 1.545 117.9
52A15B06fix 2 2.097 1.572 129.7
54A15B06fix 4 2.159 1.586 136.4
56A15B06fix 6 2.183 1.592 138.8
58A15B06fix 8 2.196 1.596 140.1
?? s
?????? NE
eig.N1cr /NE (106 N)
51A15B06pin 1 1.225 267.6
52A15B06pin 2 1.298 306.1
54A15B06pin 4 1.352 331.6
56A15B06pin 6 1.377 341.6
58A15B06pin 8 1.391 347.0
?? s
??????
??????
1?? ??eig.N1cr /NE
2?? ??eig.N2cr /NE
eig.Nicr??????????? i????????????
NE??????????????????????
2 – 21
? 2.4.36?????????????
????????????????
? 2.4.37?????????????
????????????????
? 2.4.7?????????????
????????????????
? 2.4.8?????????????
????????????????
?????? 2.3.4?? 2.4.12 ~ 2.4.16
b/a????????
Series C：5 層 2 スパン骨組，パラメータは梁柱曲げ剛性比
?????? 2.3.5?? 2.4.27 ~ 2.4.31
b/a????????
????????????? (b/a)?????????????????????????????
????
?? 2.4.12 ~ ? 2.4.16? (c), (d)???????????????????????????????
?????????? (b/a)????????????????52A20B02pin?????????2.4.27
?????????? (b/a)? 0.1???????? 2.1)??????????????????? (b/
a)?????????????? 2.4.27(d)??????????????????????????
?????????????????????? S?????????????(d)??? 2.3.2, 2.3.3
? (d)????????? sway????????????????? 2.4.27(a)??????????
?????????????? NE????????
?? 2.4.36, 2.4.37?????????? (b/a)? 0.1 ~ 1.6???????????????????
????????????? eig.Nicr? NE??????????? (b/a)?????????????(b/
a)????????????????????????????????????????????
?????????????????????????
○まとめ
?? 2.4.2 ~ 2.4.31??????????? (b/a = 0.1)?????? 5? 2????????????
?????????????????????????????????????????????
?????????????????????????? NE?????
0 
1 
2 
3 
0 0.5 1 1.5 2 
b/a
eig.Nicr /NE
0 
0.2 
0.4 
0.6 
0.8 
1 
1.2 
1.4 
1.6 
0 0.5 1 1.5 2 
eig.N1cr /NE
b/a
?????? NE
eig.N1cr /NE eig.N2cr /NE (106 N)
52A20B02fix 0.1 1.705 1.371 443.7
52A20B04fix 0.2 1.865 1.446 268.2
52A15B06fix 0.4 2.097 1.572 129.7
52A30B18fix 0.6 2.277 1.679 199.2
52A15B13fix 0.867 2.468 1.798 82.25
52A10B16fix 1.6 2.840 2.037 41.91
?? /
?????? NE
eig.N1cr /NE (106 N)
52A20B02pin 0.1 1.227 945.9
52A20B04pin 0.2 1.256 599.1
52A15B06pin 0.4 1.298 306.1
52A30B18pin 0.6 1.331 502.2
52A15B13pin 0.867 1.365 220.2
52A10B16pin 1.6 1.427 124.4
52A05B30pin 6 1.539 54.02
?? /
b a
b a
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2.5　地震時柱軸力相当荷重を受ける吹抜骨組の弾性座屈性状と座屈時柱軸力
2.5.1　解析対象骨組
????????????????????????????????????????????
??????????????????????????????????????? 2.5.1????
????? 5? 2??????????????????????????????? (h = 8 m)??
??????????h = 4 m?????????? (l = 8 m)??????????????????
?????? (a = l/h = 2)?????????????????????????????????
????????????????? 2????????? (b = Ib /Ic = 0.4)???????????
?????????????????????b/a = 0.2????????????????????
?????????????????????????????????????????????
?b/a = 0.1???????????????????????????????? sway??????
??????????????????????????????????b/a??????? sway
?????????????????????????????????????????????
????b/a = 0.2??????????????????????????? 2.5.2????????
? Ai???????????????????????????????????????????
???????????? 2.5.1???????????????????????????????
????????????????????????????????????? 2.2??????
?????? 2.5.1????????????????????
? 2.5.1??????????????
? 2.5.2???????????????????
(a)Ai????????????????? (b)??????????
??????????
l = 8 (m) l = 8 (m)
h = 4 (m)
4 (m)
4 (m)
4 (m)
4 (m)
h 
= 
8 
(m
)
(a)????????
?????? 52A20B04FL2fix?
(b)????????
?????? 52A20B04FR4fix?
l?????
h?????
???52A20B04FRf fix
FL????????????
FR????????????
f?????????????
2 – 23
? 2.5.1????????????
b = Ib /Ic
a = l/h
l?????
h?????
Ib , Ic??????? 2??????
Ac?????
NE????????????????????????????
NEF?????????????????????????
2.5.2　各骨組の数値解析結果
??????????????? 2.5.3 ~ 2.5.10????
?(a)??????????????? i??????? Ni??????????????? 2??
??????? N1-2??????(a)??????????? d i??????????????? ui
????d i????????ui???????????????????????????????
????????????????? 1???2?????????????????????????
?????????????????????????????? Nicr?????????????
????????????? (Ni - di)??????????? 0.2????????????????(a)
?????????????????????????????????????????????
???????????????????????????h = 4 m???????????????
??? NE?????????????????????h = 8 m????????????????
?? NEF????????????????????????????? eig.Nicr?????????
?????????????????
?(b)?????????????????????????????????????? NE???
?????? NEF??????????(b)????? (d i /h)??????? Ri????d i, Ri???
?? 2.3????????h???????????h = 4 m???????h = 8 m?????(b)?? (Nicr 
/NE )??? (eig.Nicr /NE )? 1????????????? h??????
?(c)???????????????????
?(d)?? Nicr?????????????????????????????
??? Ic Ib Ac NE NEF
?? ( 108 mm4) ( 108 mm4) ( 104 mm2) ( 106 N) ( 106 N)
52A20B04FL2fix 2???? 23.02 9.208 3.428 291.1 72.77
52A20B04FL3fix 3???? 24.06 9.624 3.505 304.2 76.06
52A20B04FL4fix 4???? 22.73 9.092 3.406 287.4 71.86
52A20B04FL5fix 5???? 19.05 7.620 3.118 240.9 60.22
52A20B04FR2fix 2???? 23.02 9.208 3.428 291.1 72.77
52A20B04FR3fix 3???? 24.06 9.624 3.505 304.2 76.06
52A20B04FR4fix 4???? 22.73 9.092 3.406 287.4 71.86
52A20B04FR5fix 5???? 19.05 7.620 3.118 240.9 60.22
??
??????? 5? 2???????(b/a = 0.2)????
2 – 24
0
100
200
300
400
500
0 400
0
100
200
300
400
500
0 500
0
100
200
300
400
500
-1500 1000
0
100
200
300
400
500
-1500 500
0
1
2
3
4
0.0 0.1
0
1
2
3
4
0.00 0.15
0
1
2
3
4
-0.4 0.4
0
1
2
3
4
-0.5 0.1
di (mm) di /hui (mm) Ri
(a)??????
(a)??????
(b)??????????
(b)??????????
? 2.5.3?52A20B04FL2fix?????
? 2.5.4?52A20B04FL3fix?????
0
100
200
300
400
500
600
0 400
0
100
200
300
400
500
0 500
0
100
200
300
400
500
600
-200 300
0
100
200
300
400
500
0 1000
0
1
2
3
4
0.0 0.1
0
1
2
3
4
0.00 0.15
0
1
2
3
4
-0.05 0.10
0
1
2
3
4
0.0 0.3
(a)??????
(a)??????
(b)??????????
(b)??????????
? 2.5.5?52A20B04FL4fix?????
? 2.5.6?52A20B04FL5fix?????
(N1) or (N1 /NE)
(N2) or (N2 /NE)
(N3) or (N3 /NE)
(eig.N1cr) or (eig.N1cr /NE)
(eig.N2cr) or (eig.N2cr /NE)
(eig.N3cr) or (eig.N3cr /NE)
(Nicr) or (Nicr /NE)
(NE)
?????????
?????????
Ni??????????? i????????????? 2.3??
Nicr??????????? i??????????
eig.Nicr??????????? i??????????
NE?????????????????????????????
NEF?????????????????????????
(c)??????
??????
(d)?????? Nicr
???????
(c)??????
??????
(d)?????? Nicr
???????
(c)??????
??????
(d)?????? Nicr
???????
(c)??????
??????
(d)?????? Nicr
???????
Ni /NENi (10
6 N) Ni (10
6 N) Ni /NE
di (mm) di /hui (mm) Ri
Ni /NENi (10
6 N) Ni (10
6 N) Ni /NE
Ni /NENi (10
6 N) Ni (10
6 N) Ni /NE
di (mm) di /hui (mm) Ri
Ni /NENi (10
6 N) Ni (10
6 N) Ni /NE
di (mm) di /hui (mm) Ri
2 – 25
0
100
200
300
400
0 500
0
100
200
300
0 400
0
100
200
300
400
0 1000
0
100
200
300
-200 400
0
1
2
3
4
0.00 0.06
0
1
2
3
4
0.00 0.06
0
1
2
3
4
0.00 0.15
0
1
2
3
4
-0.05 0.10
N1-2 
(a)??????
(a)??????
(b)??????????
(b)??????????
? 2.5.7?52A20B04FR2fix?????
? 2.5.8?52A20B04FR3fix?????
N1-2 
N1-2/NEF 
eig.N1-2cr /NEF 
N1-2/NEF 
N2-3 N2-3 
N2-3/NEF 
eig.N2-3cr /NEF 
N2-3/NEF 
0
100
200
300
400
0 500
0
100
200
300
400
500
600
0 500
0
100
200
300
400
-400 600
0
100
200
300
400
500
600
0 1400
0
1
2
3
4
0.00 0.08
0
1
2
3
4
0.00 0.15
0
1
2
3
4
-0.1 0.2
0
1
2
3
4
0.0 0.4
(a)??????
(a)??????
(b)??????????
(b)??????????
? 2.5.9?52A20B04FR4fix?????
? 2.5.10?52A20B04FR5fix?????
N3-4 
N3-4 
N3-4/NEF 
eig.N3-4cr /NEF 
N3-4/NEF 
eig.N3-4cr /NEF 
N4-5 N4-5/NEF 
eig.N4-5cr /NEF 
N4-5/NEF 
eig.N4-5cr /NEF 
N4-5 
ui?i?????????????
di?i??????????
Ri?i????????
? i??????????????????? [(i ? 1)-i]??????? 2?????????????? N1-2????
(c)??????
??????
(d)?????? Nicr
???????
(c)??????
??????
(d)?????? Nicr
???????
(c)??????
??????
(d)?????? Nicr
???????
(c)??????
??????
(d)?????? Nicr
???????
Ni /NENi (10
6 N) Ni (10
6 N) Ni /NE
Ni /NENi (10
6 N) Ni (10
6 N) Ni /NE
Ni /NENi (10
6 N) Ni (10
6 N) Ni /NE
Ni /NENi (10
6 N) Ni (10
6 N) Ni /NE
di (mm) di /hui (mm) Ri
di (mm) di /hui (mm) Ri
di (mm) di /hui (mm) Ri
di (mm) di /hui (mm) Ri
eig.N1-2cr eig.N1-2cr
eig.N2-3cr eig.N2-3cr 
eig.N3-4cr
eig.N3-4cr
eig.N4-5cr eig.N4-5cr
eig.N1-2cr /NEF 
eig.N2-3cr /NEF 
2 – 26
2.5.3　考察
?2???????????????????????????????????????????
??????????? 2.5.3(c), (d)?? 2.5.4(c), (d)???2?????? 3???????????
????????????????????????????????????????? (b)??
???????????? (Ni /NE - di /h)??????? 2???????????????????
???????????4?????? 5??????????????????????????
???? 3????????????????????????????????????????
??????? 2.5.5(c), (d)?? 2.5.6(c), (d)?????????????????????????1
??? 2?????????????????????????? 2.5.11?? 2.5.1???????
????? 2.4??????????52A20B04fix??? 1, 2?????????????? (eig.Nicr /
NE)????????? 1?????? 2??????????2???? 3???????????
??????????????????????? 2????????????? 1???????
??????????? (eig.N2cr /NE)????????????????????? 4???5???
?????????? 1, 2?????????????????????????????????
???? (eig.Nicr /NE)???????????????????????????
??? NE
?? ( 106 N)
52A20B04FL2fix 2???? 1.784 1.320 291.1
52A20B04FL3fix 3???? 1.726 1.354 304.2
52A20B04FL4fix 4???? 1.779 1.425 287.4
52A20B04FL5fix 5???? 1.822 1.444 240.9
52A20B04fix ???? 1.865 1.446 266.1
?? eig.N2cr /NEeig.N1cr /NE
0.0  
0.5  
1.0  
1.5  
2.0  
2.5  
3.0  
  ????
???
??
eig.Nicr /NE? 2.5.1????????????????????
? 2.5.11??????????????
??????
??? ?????????
?1???????????????????????????????????????????
??????????? 2.5.7 ~ 2.5.9? (c), (d)????2 ~ 4??????????????????
???????????????????????? (b)?????????????? (Ni /NE - di /h)
?????????????????????????????????????????????
??????????5??????????????????????????????????
?????????????????????????????? 2.5.10(c), (d)?????????
1??? 2?????????????????????????? 2.5.12?? 2.5.2???????
????? 2.4??????????52A20B04fix??? 1, 2?????????????????? (eig.
Nicr /NE)????????? 1?????? 2????????????????2 ~ 4??????
?????????????????????????????????????????? (eig.Nicr /
NEF)??????? (eig.Nicr /NE)???????????????????????????????
 ??eig.N1cr /NE
 ??eig.N2cr /NEeig.N1cr???????????????????? 1?????
eig.N2cr???????????????????? 2?????
NE?????????????????????????????
???????????????
(Nicr /NE - di /h)????
2 – 27
???????????????????? 2???????????? (EIc /h)?????????
?????????????????????? 2??????????????????????
?????????????????????????????????????????????
???????????????????????????????????2 ~ 4????????
????????????????????????? (eig.Nicr /NEF)???????????????
?????????????????????????????????????????????
????? 2.5.12?????3???????????? 4??????????????????
????????? 1???????????????????????????????????
?????5???????????????????????? 2.5.10????????????
???????????????????? 2.4.13????????????????1, 2????
??????????????????????? 2.5.12?? 2.5.2???????1, 2??????
(eig.Nicr /NE)?????????????????
?????????????????????????????????????????????
?????????????
??? eig.Nicr /NEF NE NEF
?? ??? ( 106 N) ( 106 N)
52A20B04FR2fix 2???? 2.980 291.1 72.77
52A20B04FR3fix 3???? 0.839 2.363 304.2 76.06
52A20B04FR4fix 4???? 1.362 0.994 2.175 287.4 71.86
52A20B04FR5fix 5???? 1.900 1.408 1.207 240.9 60.22
52A20B04fix ???? 1.865 1.446 266.1
?? eig.N2cr /NEeig.N1cr /NE
0.0  
0.5  
1.0  
1.5  
2.0  
2.5  
3.0  
  ????
?????
(eig.Nicr /NE) or (eig.Nicr /NEF)
? 2.5.2?????????????????
? 2.5.12?????????????????
??? ?????????
???????????????
(Nicr /NE - di /h)????
NEF?????????????????????????
 ??eig.Nicr /NEF?????
 ??eig.N1cr /NE
 ??eig.N2cr /NE
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2.6　地震時柱軸力相当荷重を受けるスパン長が不均一な骨組の弾性座屈性状と座屈時柱軸力
2.6.1　解析対象骨組
???????????? 5? 2??????????????????????????????
?????????????????????????????????????????????
??? 2.6.1????????? 5? 2?????????????? lR????????????
??????? lL???(lR /lL = 0.5, 0.75, 1.25, 1.5 2.0, 3.0)???????(lR /lL = 1)?? 2.4.13???
??????52A20B04fix?????????????? (lL = 8 m)????????h = 4 m?????
?????? 2????????? (b = Ib /Ic = 0.4)??????????????? (aL = lL /h = 2.0)
????????????b/aL = 0.2?????????????????????????? 2.6.1
????????? Ai???????????????????????????????????
????????????????????????????????????? 2.2??????
?????? 2.6.1????????????????????????????????????
? 1??????51A20B04fix?????????????????
? 2.6.1???????????? 5? 2?????
lL = 8 (m) lR
h = 4 (m)
4 (m)
4 (m)
4 (m)
4 (m)
h?????
lL????????
lR????????
???52A20-aRB04fix
aR??????? lR? h?? (aR = lR /h)
   10?aR = lR /h = 1.0?    lR /lL = 0.50
   15?aR = lR /h = 1.5?    lR /lL = 0.75
   25?aR = lR /h = 2.5?    lR /lL = 1.25
   30?aR = lR /h = 3.0?    lR /lL = 1.50
   40?aR = lR /h = 4.0?    lR /lL = 2.00
   60?aR = lR /h = 6.0?    lR /lL = 3.00
(aL = lL /h = 2.0)????
? 2.6.1?????????????????????
b = Ib /Ic
aR = lR /h
h?????
lL????????
lR????????
Ib , Ic??????? 2??????
Ac?????
NE??????????????????????
Ic Ib Ac NE
(lR /h) ( 108 mm4) ( 108 mm4) ( 104 mm2) ( 106 N)
51A20B04fix 19.25 7.700 3.134 243.4
52A20-10B04fix 0.50 1.0 0.400 12.82 5.128 2.558 162.1
52A20-15B04fix 0.75 1.5 0.267 16.92 6.767 2.939 214.0
52A20-25B04fix 1.25 2.5 0.160 25.36 10.14 3.598 320.7
52A20-30B04fix 1.50 3.0 0.133 29.88 11.95 3.905 377.8
52A20-40B04fix 2.00 4.0 0.100 41.13 16.45 4.582 520.1
52A20-60B04fix 3.00 6.0 0.067 58.54 23.42 5.466 740.3
?? lR /lL
1?????
51A20B04fix?????????? 5? 2???????(b = 0.4)?(aL = lL /h = 2.0)?(b/aL = 0.2)????
aR b/aR
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2.6.2　各骨組の数値解析結果
??????????????? 2.6.2 ~ 2.6.8????
?(a)??????????????? i????? Ni??????????????? d i????
??? ui????d i????????ui???????????????????????????
??????????(lR /lL ? 1.25)?????????????????????????????
??????????????????????? 2.4.12 ~ 2.4.16??????????? 5? 2?
????????????????????????????????? 1??? 2???????
???????????????????????????? NE???????????????
?????????? eig.Nicr???????????????????????? Nicr??????
??????????????????? (Ni - di)??????????? 0.2??????????
??????
?(b)??????????????????(Nicr /NE )??? (eig.Nicr /NE )? 1???????????
?? h??????
?(c)???????????????????
?(d)?? Nicr?????????????????????????????
0
100
200
300
400
500
0 500
0
100
200
300
400
500
0 1000
0
1
2
3
4
0.0 0.1
0
1
2
3
4
0.0 0.4
? 2.6.2?51A20B04fix?????
0
100
200
300
400
0 500
0
100
200
300
400
0 1000
0
1
2
3
4
0.0 0.2
0
1
2
3
4
0.0 0.3
? 2.6.3?52A20-10B04ix????? (lR /lL = 0.5)
Ni /NENi (10
6 N)
di (mm) di /h
Ni (10
6 N) Ni /NE
Ni??????????? i??????????????? 2.3??
Nicr??????????? i???????????????? 2.4.2??
eig.Nicr??????????? i????????????
NE??????????????????????
ui?i?????????????
di?i????????????
Ri?i??????????
(N1) or (N1 /NE)
(N2) or (N2 /NE)
(Nicr) or (Nicr /NE)
(eig.N1cr) or (eig.N1cr /NE)
(eig.N2cr) or (eig.N2cr /NE)
(NE)
ui (mm) Ri
(c)??????
??????
(d)?????? Nicr
???????(a)??????????? (b)???????????????
Ni /NENi (10
6 N)
di (mm) di /h
Ni (10
6 N) Ni /NE
ui (mm) Ri
(c)??????
??????
(d)?????? Nicr
???????(a)??????????? (b)???????????????
2 – 30
0
100
200
300
400
500
600
0 400
0
100
200
300
400
500
600
0 400
0
100
200
300
400
500
600
-2000 500
0
100
200
300
400
500
600
-2000 500
0
1
2
3
4
0.0 0.1
0
1
2
3
4
0.0 0.1
0
1
2
3
4
-0.5 0.1
0
1
2
3
4
-0.5 0.1
?????
? 2.6.5?52A20-25B04fix????? (lR /lL = 1.25)
0
100
200
300
400
500
600
0 500
0
100
200
300
400
500
600
0 1000
0
1
2
3
4
0.00 0.15
0
1
2
3
4
0.0 0.3
? 2.6.4?52A20-15B04fix????? (lR /lL = 0.75)
Ni /NENi (10
6 N)
di (mm) di /h
Ni (10
6 N) Ni /NE
ui (mm) Ri
(c)??????
??????
(d)?????? Nicr
???????(a)??????????? (b)???????????????
Ni /NE
Ni (10
6 N)
di (mm)
di /h
Ni (10
6 N)
Ni /NE
ui (mm)
Ri
(a)??????
Ni /NE
Ni (10
6 N)
di (mm)
di /h
Ni (10
6 N)
Ni /NE
ui (mm)
Ri
(c)??????
??????
(d)?????? Nicr
????????????
(b)??????????
Ni??????????? i??????????????? 2.3??
Nicr??????????? i???????????????? 2.4.2??
eig.Nicr??????????? i????????????
NE??????????????????????
ui?i?????????????
di?i????????????
Ri?i??????????
2 – 31
0
100
200
300
400
500
600
700
0 500
0
100
200
300
400
500
600
700
0 500
0
100
200
300
400
500
600
700
-2000 500
0
100
200
300
400
500
600
700
-2000 500
0
1
2
3
4
0.00 0.15
0
1
2
3
4
0.00 0.15
0
1
2
3
4
-0.6 0.1
0
1
2
3
4
-0.6 0.1
? 2.6.6?52A20-30B04fix????? (lR /lL = 1.5)
0
200
400
600
800
1000
1200
0 400
0
200
400
600
800
1000
1200
0 400
0
200
400
600
800
1000
1200
-2000 500
0
200
400
600
800
1000
1200
-2000 500
0
1
2
3
4
0.0 0.1
0
1
2
3
4
0.0 0.1
0
1
2
3
4
-0.6 0.1
0
1
2
3
4
-0.6 0.1
? 2.6.7?52A20-40B04fix????? (lR /lL = 2.0)
?????
Ni /NE
Ni (10
6 N)
di (mm)
di /h
Ni (10
6 N)
Ni /NE
ui (mm)
Ri
(a)??????
Ni /NE
Ni (10
6 N)
di (mm)
di /h
Ni (10
6 N)
Ni /NE
ui (mm)
Ri
(c)??????
??????
(d)?????? Nicr
????????????
(b)??????????
?????
Ni /NE
Ni (10
6 N)
di (mm)
di /h
Ni (10
6 N)
Ni /NE
ui (mm)
Ri
(a)??????
Ni /NE
Ni (10
6 N)
di (mm)
di /h
Ni (10
6 N)
Ni /NE
ui (mm)
Ri
(c)??????
??????
(d)?????? Nicr
????????????
(b)??????????
(N1) or (N1 /NE)
(N2) or (N2 /NE)
(eig.N1cr) or (eig.N1cr /NE)
(eig.N2cr) or (eig.N2cr /NE)
(Nicr) or (Nicr /NE)
(NE)
2 – 32
0
300
600
900
1200
1500
0 500
0
300
600
900
1200
1500
0 500
0
300
600
900
1200
1500
-2500 500
0
300
600
900
1200
1500
-2500 500
0
1
2
3
4
0.00 0.15
0
1
2
3
4
0.00 0.15
0
1
2
3
4
-0.7 0.1
0
1
2
3
4
-0.7 0.1
? 2.6.8?52A20-60B04fix????? (lR /lL = 3.0)
Ni??????????? i??????????????? 2.3??
Nicr??????????? i???????????????? 2.4.2??
eig.Nicr??????????? i????????????
NE??????????????????????
ui?i?????????????
di?i????????????
Ri?i??????????
?????
Ni /NE
Ni (10
6 N)
di (mm)
di /h
Ni (10
6 N)
Ni /NE
ui (mm)
Ri
(a)??????
Ni /NE
Ni (10
6 N)
di (mm)
di /h
Ni (10
6 N)
Ni /NE
ui (mm)
Ri
(c)??????
??????
(d)?????? Nicr
????????????
(b)??????????
(N1) or (N1 /NE)
(N2) or (N2 /NE)
(Nicr) or (Nicr /NE)
(eig.N1cr) or (eig.N1cr /NE)
(eig.N2cr) or (eig.N2cr /NE)
(NE)
2 – 33
2.6.3　考察
??????????????????????? 2.6.2 ~ 2.6.5? (c)????1???????? (lR 
/lL ? 1.25)? 2??????????????????????????????????????
??????????? 2.6.6(c)???(lR /lL = 1.5)? 2????????????????????
??????????????????????????? 2.6.7, 2.6.8? (c)????(lR /lL ? 2.0)?
2???????????????????????????????????? 2.6.1(a)?????
? 2?????????? NE????????? 2.6.1(b)?? 1?????????? NE????
?????????? 2.6.9???? 2.6.1??????????????????????????
?????? 1????? 2????????????????????????????????
????????? 2.6.9???(lR /lL ? 1.25)?????????????????????(lR /lL = 1.5)
???????????????????????(lR /lL ? 2.0)?????????????????
????????????? 2.6.9???????????????????????? 2.6.2 ~ 2.6.8
? (c)????????????????????????? 2.6.9???????????????
???? (lR /lL ? 1.25)??????(lR /lL)????????????????????? (eig.Nicr /NE)?
?????????????????????????????????????????????
????????????????????? (b/aL)????? 0.2?????????? 2.6.1??
????????(lR /lL)??????????????????? lR??????????????
??????? (b/aR)???????????????????????????????????
????????????(lR /lL ? 2.0)???1????? (51A20B04fix)?????????????
???????????????????????????????????? (eig.Nicr /NE)? 1??
???????????????????????
?? 2.6.10???????????????????? (eig.Nicr /NE)??????????? (Nicr /NE)
???????2????????????????????????????????????(lR /
lL ? 1.0)???? 2????????(lR /lL)?????????????? (eig.Nicr /NE)? (Nicr /NE)??
?????????????(lR /lL = 1.0)?? (lR /lL = 2.0)???????????????? (Nicr /NE)
?????????????????????????????????????????? 2.6.3, 
2.6.4???? 2.4.13? (c)?? (d)????????(lR /lL ? 1.0)????????????????
??????????????????????(lR /lL = 1.25)????????? 2.6.5? (c)?? (d)
????????2????????????????????????????????????
?????????????????????(lR /lL ? 1.5)?????????????? 2.6.6(d)???
(lR /lL = 1.5)????????????????????????????????????????
???????????????????????????????(lR /lL > 1.5)?????????
?????????????????????????????????????????????
???? 2.6.1?????????(lR /lL ? 1.25)????????????????????? (b/aR)
? 0.16??????????????????????????????????????????
????????????????????????????????????????????? (b/
aL)? 0.8???????????? (b/aL)??????????????????????????
????? (b/aR)?????????????????????????????????????
???????? (b/aR)? (b/aL)????????????????????????????
2 – 34
1????? (51A20B04fix) 1????? (51A20B04fix)
eig.N2cr /NE N2cr /NE NE
?? ??? ?? ??? ( 106 N)
51A20B04fix 1????? 1.405 1.431 243.4
52A20-10B04fix 0.50 0.400 ?? 1.559 ?? 1.635 162.1
52A20-15B04fix 0.75 0.267 ?? 1.487 ?? 1.625 214.0
52A20B04fix 1.00 0.200 0 1.446 0 1.596 266.1
52A20-25B04fix 1.25 0.160 0.696 1.416 0.662 1.374 320.7
52A20-30B04fix 1.50 0.133 1.478 1.365 1.102 0.992 377.8
52A20-40B04fix 2.00 0.100 1.524 0.594 1.328 0.504 520.1
52A20-60B04fix 3.00 0.067 1.501 0.242 1.406 0.221 740.3
lR /lL??
0.0  
0.5  
1.0  
1.5  
2.0  
2.5  
0.5 1 2 3 
lR /lL
(eig.Nicr /NE)
? 2.6.1????????????????????
? 2.6.9???????????????
?????????? (lR /lL)????
eig.N1cr /NE N1cr /NE NE
?? ??? ?? ??? ( 106 N)
51A20B04fix 1????? 1.787 1.847 243.4
52A20-10B04fix 0.50 0.400 ?? 2.114 ?? 2.309 162.1
52A20-15B04fix 0.75 0.267 ?? 1.950 ?? 2.187 214.0
52A20B04fix 1.00 0.200 0 1.865 0 2.099 266.1
52A20-25B04fix 1.25 0.160 0.903 1.811 0.871 1.755 320.7
52A20-30B04fix 1.50 0.133 1.908 1.735 1.412 1.255 377.8
52A20-40B04fix 2.00 0.100 1.943 0.747 1.672 0.630 520.1
52A20-60B04fix 3.00 0.067 1.914 0.302 1.764 0.273 740.3
?? lR /lL
(b) 1???
(a) 2???
0.0  
0.5  
1.0  
1.5  
2.0  
2.5  
0.5 1 2 3 
lR /lL
(N2cr /NE) or (eig.N2cr /NE)
? 2.6.10???????????????
??????????????????
b/aR
b/aR
???eig.N1cr /NE?????
???eig.N2cr /NE?????
???eig.N1cr /NE????
???eig.N2cr /NE????
???eig.N2cr /NE?????
???eig.N2cr /NE????
???     N2cr /NE?????
???     N2cr /NE????
lL????????
lR????????
b/aR???????????????????
N2cr??????????? 2?????????
eig.N2cr??????????? 2?????????
NE??????????????????????
N1cr??????????? 1?????????
eig.N1cr??????????? 1?????????
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2.7　柱の軸剛性が幾何学的非線形性を考慮した解析に与える影響
?2.4 ~ 2.6????????????????????????????????????????
?????????????????????????????????????????????
???????? 2.4.12??? 52A20B02fix?????2???????????????????
?????????????????????????????????????????????
???????????? 2.4.27???? 52A20B02pin???2????????????????
?????????????????????????????????????????????
?????????????????????????
??????2.4?????????????????????????????????????
?????????????????????????????????????????????
???????
?? 2.7.1???52A20B02fix????????????????????????????????
???????????? (eig.Nicr)?????????????????????????????
??????? 48???????????? 2.4.12???????(a)?????????????
???????????? ui??????????????????????????? (Nicr)??
??????? (eig.Nicr)?????????????? 2.7.2???52A20B02pin?????????
(c)??????
??????
(d)?????? Nicr
???????
? 2.7.2?52A20B02pin??????b/a = 0.1?????????
(a)?????? (b)??????????
0 
500 
1000 
1500 
0 500 
!"#$%&!'
()*+"#,-'
"#,-'
".'
0 
500 
1000 
1500 
0 1500 
"#$%/'
()*+"#,-'
"#,-'
".'
0 
0.2 
0.4 
0.6 
0.8 
1 
1.2 
1.4 
1.6 
0 0.15 
!"#0".$
%&012!'
()*+"#,-0
".'
"#,-0".'
0 
0.2 
0.4 
0.6 
0.8 
1 
1.2 
1.4 
1.6 
0 0.4 
Ni /NENi (10
6 N)
di (mm)                   ui (mm) di /h                            Ri
Ni (10
6 N) Ni /NE
(c)??????
??????
(d)?????? Nicr
???????
? 2.7.1?52A20B02fix??????b/a = 0.1?????????
(a)?????? (b)??????????
0 
500 
1000 
0 500 
!"#$%&!'
"($%&'
)*+,"#-.'
)*+,"(-.'
"#-.'
"(-.'
)*+,"/-.'
"0'
0 
500 
1000 
0 1000 
"#$%1'
"($%1'
)*+,"#-.'
)*+,"(-.'
"#-.'
"(-.'
)*+,"/-.'
"0'
0 
1 
2 
3 
0 0.1 
!"#2"0$
%&234!'
!"(2"0$
%&234!'
)*+,"#-.2
"0'
)*+,"(-.2
"0'
"#-.2"0'
"(-.2"0'
)*+,"/-.'
0 
1 
2 
3 
0 0.2 
Ni /NENi (10
6 N)
di (mm)                   ui (mm) di /h                            Ri
Ni (10
6 N) Ni /NE
Ni??????????? i??????????????? 2.3??
Nicr??????????? i???????????????? 2.4.2??
eig.Nicr??????????? i????????????
NE??????????????????????
ui?i?????????????
di?i????????????
Ri?i??????????
(N1) or (N1 /NE)
(N2) or (N2 /NE)
(eig.N1cr) or (eig.N1cr /NE)
(eig.N2cr) or (eig.N2cr /NE)
(Nicr) or (Nicr /NE)
(NE)
2 – 36
0 
1 
2 
3 
0 0.5 1 1.5 2 
? 2.7.3????????????????????5? 2?????????
b/a
0 
0.2 
0.4 
0.6 
0.8 
1 
1.2 
1.4 
1.6 
0 0.5 1 1.5 2 
(a)???????????????? 48? (b)???????????????? 48?
b/a
?????? ??????
1?? ??eig.N1cr /NE ??N1cr /NE
2?? ??eig.N2cr /NE ??N2cr /NE
(eig.Nicr /NE) or (Nicr /NE) (eig.N1cr /NE) or (N1cr /NE)
0 
1 
2 
3 
0 0.5 1 1.5 2 
b/a 0 
0.2 
0.4 
0.6 
0.8 
1 
1.2 
1.4 
1.6 
0 0.5 1 1.5 2 
b/a
(eig.Nicr /NE) or (Nicr /NE) (eig.N1cr /NE) or (N1cr /NE)
(c)???????????? (d)????????????
???????????????????????????????????? 48???????
????? 2.4.27?????????????????????????????????????
?????????????????????? 48????? sway?????????? 2.4.27(d)?
??????????????? 2.7.2(d)???????????????? 2.7.2(d)???????
????????????????????? 2????? S?????????????????
???????
?? 2.7.3(a), (b)??2.4????? 5? 2?????????????? (eig.Nicr /NE)???????
??? (Nicr /NE)??????????????? 48?????????????????????
??????????? (eig.N1cr /NE)? (eig.N2cr /NE)???????????????????????
??????? (N1cr /NE)? (N2cr /NE)????2.4??????????? 2.7.3(a), (b)?????????
?????????????????????????????????????????????
?????????????? eig.Nicr??????? Nicr??????? 14.3 %?52A30B18fix?b/a = 
0.6?????
?? 2.7.3(c), (d)???? 2.7.3(a), (b)???? 5? 2?????????????????????
??????????? 2.7.3(c), (d)????????????????????????????
??????????????????????????????????? 48????????
2 – 37
???????? (eig.Nicr /NE)???? 1 %???????????????? 2.4.1?? 2.4.1???
?????????????????????????????? (eig.Nicr /NE)? (Nicr /NE)?????
??????????????????? 2??????????? 3.7 %?52A20B02fix?b/a = 0.1?
???????2.4??????????????????????????????????????
52A20B02pin???????????????
?2.6???????????????? 5? 2???????????????????????
??????????????????????????????????2.6?????????
?? 48??????????????????????????????????????????
??????????????????????????????????????????????
??????????????????? (lR /lL ? 1.25)????????????????????
????????????????????????????????????????? 48??
???????? 2.6????(lR /lL = 1.5)? 52A20-30B04fix?????? 2.6.1(a)???? 2.6.10?
??? (eig.N2cr)???? (N2cr)???? (? 28 %)??????????????????????? (+ 
3 %)???????????????
?????????????????????????????????????????????
?????????????
2.8　骨組の水平剛性と柱の弾性座屈軸力の関係
??????????????????????????? Rmax????? (1/200)???????
??????????????????? (1/100)???? (1/400)???????????????
????????????????????????????????????? 1?52A15B06fix?
????
?? 2.8.1???Rmax???????????????????????(eig.Nicr /NE)?????????
(Nicr /NE)??????????????????????? 48???????????i?????
??????????????????????????????????? (eig.N1cr /NE)? (eig.N2cr /
NE)?????????????????????????????? (N1cr /NE)? (N2cr /NE)????(Rmax 
= 1/200)??? 2.3.4??????????????????????????????? 2.4.1(a)?
?????????????(Rmax = 1/400)?? I?? 2? (Ic = 2.070?10
9 mm4)????(Rmax = 1/100)
??? I?? 2?? 1? (Ic = 5.096?10
8 mm4)????
?? 2.8.1????????? (eig.Nicr /NE)???????????????????????????
?????????????????????????????????????????????
????NE????????????????????????? 2.3 ~ 2.7???????????
??????????????? 2.8.1????????? (Nicr /NE)??????????????
?????????????????????????????????????????2.7??
????????? NE?????????????????????????
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0 
1 
2 
3 
0 1/400  1/200 1/100
? 2.8.1???????????????????
Rmax
(eig.Nicr /NE) or (Nicr /NE)
Rmax??????????
??????????
?
 5? 2?????????
 b/a = 0.4
?????? ??????
1?? ??eig.N1cr /NE ??N1cr /NE
2?? ??eig.N2cr /NE ??N2cr /NE
2.9　結
??????? 2.2.2???????????????????????????????????
?????????????????????????????????????????????
??????????????????????????????????????? CLAP.f 2.1)?
??????????????????????????????????????????? 2?
?????
?2.3????5? 2????????????????????????????????????
??????????????????????
(1)???????????????????????????????? sway????????
??????????????????????????????????????????
NE?????
(2)???????????????????????????????????????????
????????????????????????? NE?????
?2.4??????????????????????????????????????????
?????????????
(3)??????????????????????????????????????????
??????????????????????????????????????????
??????????????????????????????????????????
???????????????????????
(4)??????????????????????????????????????????
? sway???????????????????????
(5)??????????????????????????????????????????
??????????????????????????????
?2.5??????????????????????????????????????????
????????????????????????????????
(6)??????????????????????????????????????????
???????????
?2.6??????????????? 5? 2????????????????????????
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?????????????????????????????????????????????
?????????
(7)??????????????????????????????????????????
???????????? 0.2????????????????????????????
??????????????????????????????????????????
??????????????????????????????????????????
??????
?2.7??????????????????????????????????????????
?????????????????????????????????????????????
?????
(8)??????????????????????????????????????????
??????????????????????????????????????????
????????? sway???????????????
?2.8???????????????????????????????????????
(9)???????????????????????????????????????????
?????? NE???????????????????????????????????
?????????
???????????????????????????????
(10)?????????????????????????????????52A20-30B04fix??
??????????????????????????????????????????
NE??????52A20-30B04fix????????????????????????????
?????????????????? 5? 2???????????????????? 2.6.6
???????????????????? 2???????????? NE? 0.992????
??? 2.6.1(a)??
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3 – 1
第3章　地震時柱軸力相当荷重を受ける骨組中の柱の座屈長さ算定図表
3.1　序
?????????????????????????????????????????????
????????????
?3.2????1? 1????????????????????????????????????
??????????????????3.3???????????????????????????
????????????? 2??????????????????????
3.2　地震時柱軸力相当荷重に対する1層 1スパン骨組の弾性座屈性状
3.2.1　1層 1スパン骨組の数値解析
?? 3.2.1??????? (h = 4 m)????? (l = 10.64 m)? 1? 1??????????????
?????????????????????????????? 2?????? Ib????? 2?
????? Ic???? (b = Ib /Ic)???(a = l/h = 2.66)????????????? (b/a)?????
????? b??(b/a = 0.04, 0.06, 0.08, 0.1, 0.2, 0.3, 0.5)???????????????????? (b/
a = 0.06, 0.08)??????????? 3.1)?????????5???? 10??????????
????????????? (b/a)? (0.28 ~ 0.80)???????????????????????
???????????? 2????????????????????????????????
(q = 50,000 N/m)????????????????????? R? (1/200 rad)???????????
????????????? C0? 0.2??????? Z? 1????????????????? (T 
= 0.03H s)?H????????? (m)????????? Tc? 0.6 (s)???????????? Rt?
1????????????? (B/t)? 48????????????????????????? Ab
????????????? 3.2.1, 3.2.2???????????????????????????
??? CLAP.f 3.2)???????????????? 10??????????? 5????? 10?
?????????????????????? 2??????????????????????
???????????? (1/20,000 rad)???????????????????????????
???????????????????????????????? (lV = ql/2)????????
?????????????????????????????????????????????
??????????????????????????????????????????????
???????? [K0]?????????????????????????? [KG]???????
???????????????? l?????
K0[ ]+λ KG[ ] = 0  (3.2.1)
?????????????????????? Ncr??????????? lk?? (3.2.2)????
???
lk = h
NE
Ncr
= π
EIc
Ncr
 (3.2.2)
????E?????
????Ic????? 2??????
3 – 2
Ic Ib Ac B NE
×108 (mm4) ×108 (mm4) ×104 (mm2) (mm) ×106 (N)
0.04 0.1064 2.366 0.2518 1.099 367.0 29.92
0.1 0.266 1.991 0.5297 1.008 351.5 25.18
0.2 0.532 1.637 0.8709 0.9140 334.7 20.70
0.3 0.798 1.434 1.144 0.8555 323.8 18.13
0.5 1.33 1.211 1.611 0.7861 310.4 15.31
Ic Ib Ac B NE
×108 (mm4) ×108 (mm4) ×104 (mm2) (mm) ×106 (N)
0.04 0.1064 37.39 3.978 4.368 731.7 472.8
0.06 0.1596 25.87 4.128 3.633 667.3 327.1
0.08 0.2128 20.10 4.277 3.203 626.5 254.1
0.1 0.2660 16.60 4.417 2.911 597.3 210.0
0.2 0.5320 9.708 5.164 2.226 522.3 122.8
0.3 0.7980 7.398 5.904 1.943 488.0 93.55
0.5 1.330 5.552 7.384 1.683 454.2 70.20
????h?????
NE??????????????????????????? (3.2.3)???????
NE =
π 2EIc
h2  (3.2.3)
?? 3.2.2???????? 1? 1???????????????????????????????
??????? (b/a)??????? 2????????????????????? d1?????
h??????????????????????? Ri?????????? N1? NE??????
???????????????????????????????????????? (N1/NE ? d1/h)
????????????? 0.2?????????????????????? N1cr? NE????
?????????????????????????????????? eig.N1cr? NE??????
??????????????????? 2????????? 3.2.2(a) ~ (e)????????????
(b/a)???????? NE?????????????????????????? 3.2.3?????
?????????????????? 3.2.3????????????????????????
??????????????????????????????????????? (N1 ≈ N1cr)?
? 3.2.1????????? 1? 1?????
lV
hV
lV
hV
l = 10.64 (m)h
 =
 4
 (m
)
EIcEIc
EIb
hV???????????
lV???????????
h?????
l??????
Ic , Ib??????? 2??????
(a)???? (b)????
? 3.2.1?????? 1? 1??????????
h = 4 (m)
l = 10.64 (m)
a = l/h = 2.66
b = Ib /Ic
? 3.2.2?????? 1? 1??????????
Ac?????????B??????b/a????????
h = 4 (m)
l = 10.64 (m)
a = l/h = 2.66
b = Ib /Ic
b/a           b
b/a           b
3 – 3
0.0 
1.0 
2.0 
3.0 
0.0 0.1 0.2 0.3 0.4 0.5 
?????
???
????????
(N1 ≈ N1cr )????
???????
????????
(N1 ≈ N1cr )?? 1.5?
????????
????????
b/a = 0.04 b/a = 0.1 b/a = 0.2 b/a = 0.3 b/a = 0.5
? 3.2.3??????????????????????? 1? 1??????
b/a
? 3.2.4???????????????
?????? 1? 1??????
(N1cr /NE) or (eig.N1cr /NE)
N1cr /NE
eig.N1cr /NE
0
1
0 0.1 0.2 0.3 0.4 0.5
???
???
???
???
? 3.2.3???????????????
?????? 1? 1??????
? 3.2.2?????? 1? 1???????????????????
Ni??????????? i??????????????? 2.3??
Nicr??????????? i???????????????? 2.4.2??
eig.Nicr??????????? i????????????
NE??????????????????????
d1???????????????? 2.3??
R1?????????????? 2.3??
:N1 /NE
:N1cr /NE
:eig.N1cr /NE
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3 – 5
?????????????????????????????????????????????
???????? (N1 ≈ N1cr)????? 1.5??????????????????????????
?? N1cr?????????????????(b/a = 0.04 ~ 0.5)???110 ~ ?122 mm???????
?????????????????? 120 (mm)??????????????????? 180 (mm)
???????????????? 3.2.3?????????(b/a)???????????????
?? sway?????????????????????????????????? 3.2.4????
?????? 1? 1?????????????????? (N1cr /NE)??? (eig.N1cr /NE)??????
? (b/a)????? 3.2.3?? (N1cr /NE)? (eig.N1cr /NE)???????????? (b/a = 0.04 ~ 0.5)??
????? 3.2.4?????????????????????????????????????
?????? (b/a)??????????????
?? 3.2.5???????? 1? 1???????????????????????????????
???????? 3.2.2???????? 3.2.5?????????????(b/a)? 0.04?????
???????????????????????????????????????????? 3.2.6
?????????????????????????????????????????????
?? (N1 = N1cr)?????????????????????????????????? 3.2.6???
???????? (b/a)???????????????????????????????????
?????????????? 3.2.7?? 3.2.4?????????? 1? 1???????????
?????? 3.2.7??????????? (b/a)? (eig.N1cr /NE)?????????(eig.N1cr /NE)? 1?
??????????????????(b/a ? 0.1)????????????????? 3 %???
????(b/a < 0.1)?? (b/a)????????????????????????????????
(N1cr /NE)? 1???????????????????????? 3.2.6????????????
????????????????????????????? (b/a)??????????????
?????????????????????????????????????????? (3/8)
?? (1/2)?????????? sway??????????(3/8)????????????????
?????????????????????????????????????????????
???? (b/a = 0.04, 0.06)? sway???????(b/a = 0.08, 0.1)????????????????
?????????????????
3.2.2　座屈前変形と弾性座屈軸力の関係
?????????????????????????????????????????????
?????????????????????????????????????????????
???????????????????????????????????????? dz????
????????????????????????????????????? [K0]??????
??????????? [K]?????????? [KG]????????????????? (3.2.1)
????????? l????????????????????????????? (dzeig.N1cr)??
??? 3.2.8??????? 1? 1???????????????????????????? (b/
a = 0.04)????? 3.2.8?? 3.2.5(a)??????????????????????????? d1
?????????????? dz? h??????????????????? (dzeig.N1cr /NE)???
???????????????? (dz /h)????(dz /h = ?0.005, ?0.01, ?0.015, ?0.02, ?0.025, ?0.0275, 
?0.03, ?0.0325, ?0.035, ?0.0375, ?0.04, ?0.05)????? (dz = ?20, ?40, ?60, ?80, ?100, ?110, ?120, ?
3 – 6
dz = - 40 (mm)?dzeig.N1cr /NE = 1.02???????
dz = - 80 (mm)?dzeig.N1cr /NE = 1.00???????
dz = - 110 (mm)?dzeig.N1cr /NE = 0.931?sway????
dz = - 130 (mm)?dzeig.N1cr /NE = 0.777?sway????
130, ?140, ?150, ?160, ?200 mm)??????????????????????????????
??????????? sway?????????????????????? (dz = ?40, ?80, ?110, 
?130 mm)?????????? (dzeig.N1cr /NE)???? 3.2.9????? 3.2.8? 3.2.9???(b/a = 0.04)
???????????????? dz????????????????????????????
? sway???????????????? (dzeig.N1cr /NE)????????????????????
??????????(b/a = 0.04)??????????????????????????????
?????????????????????
??????????????????????????????????????????(b/a 
= 0.04)?????? 1? 1????????????????????????????????
3.2.10(a)????????? (dz = ?100 mm)?????????????????????????
?????????????????????????????????????????????
0.0  
0.2  
0.4  
0.6  
0.8  
1.0  
1.2  
1.4  
-0.10  -0.05  0.00  
dz /h
? 3.2.8???????????????????????????? 1? 1??????b/a = 0.04?
N1cr /NE = 0.870
?sway????
N1 /NE
?  :  dzeig.N1cr /NE (???????????? )
?  :  dzeig.N1cr /NE (???????? )
?  :  dzeig.N1cr /NE (??? sway????? )
:  eig.N1cr /NE
:  N1 /NE
:  N1cr /NE
? 3.2.8???
dz
eig.N1cr ????????? dz???????
????????????????????
????????????????????
????????? dz /h??????
???????
????????
sway??? sway??? ????? ????? ?????
?????
???
????????
( 
dz
eig.N1cr /NE ) 0.777 0.931 1.00 1.02 eig.N1cr /NE = 1.01
????????
?????? dz
dz = - 130 (mm) dz = - 110 (mm) dz = - 80 (mm) dz = - 40 (mm)
????????
???????
? 3.2.9???????????????????????????? 1? 1??????b/a = 0.04?
(a)????????
????????????
? 3.2.10???????????????????b/a = 0.04?
(b)????????
????????????
?????
eig.N1cr /NE = 1.02
sway???
eig.N1cr /NE = 0.915
???????????????
eig.N1cr /NE = 1.01???????
3 – 7
???????????????????????? 3.2.10(b)?????????????????
???????????????????????????? 3.2.10(a)???????????????
????????(eig.N1cr /NE)?????? (1/20,000 rad)????????????????????
3.2.9???????????eig.N1cr /NE  = 1.01?????????????????????????
???? 3.2.10(b)??????? sway?????????(eig.N1cr /NE)??? 0.915??????????
???????????????? sway???????? (N1cr /NE)? 1????????????
??????????????????????????
3.2.3　簡略柱モデルによる解析的考察
???????? (b/a)??????????????????????????????????
????????????????????????????????????1? 1??????
?????????????????????????????????????????????
??????????????????????????????
?????????3.2.11(a)??????????????????????????????????
???????????? 3.3)???????????????????????????????
????????????????????????? 3.2.11(b)?????????????????
????????????????????????????? (3.2.4)????????
kH =
KHh3
12EIc
≥
π 2
12  (3.2.4)
?????????????????????????????????????????????
??????????????????????????? KH????????????????
???????1? 1??????????? 3.3)??????????
?? 3.2.1???? 1? 1????????????? 3.2.11(b)????????????????
????????????? KH????????? 3.2.12(a)? (b)??? 2???????????
??????????????????? 1Pcr , 2Pcr??????????? Pcr???????
??????? ? 1Pcr =
π 2EIc
hR_1Pcr( )
2  (3.2.5a)
sway?????? 2Pcr = KH _2Pcr hR_2Pcr  (3.2.5b)
                                 Pcr =min 1Pcr, 2Pcr( )  (3.2.6)
KH_2Pcr?? 3.2.1? 1? 1?????????? 2Pcr?????????????????
(b)??????(a)??????
KH???????
P???
E?????
h?????
Ic????? 2??????
KrT , KrB???????
P
EIc
KH
h
KrT
KrB
EIc
KH
h
P
? 3.2.11??????????????
???????
?????
?
3 – 8
hR_1Pcr?1Pcr???????????
hR_2Pcr?2Pcr???????????
Pcr?????????
1? 1???????????????? h????????????????????? hL???
????? hR???????????? 1Pcr??????????????? hL_1Pcr , hR_1Pcr????
????? sway?????????????????????????? 1Pcr?????????
??????????? KH_1Pcr?????sway??????????????????
1Pcr ≤ KH _1Pcr hR_1Pcr  (3.2.7)
?????? KH_1Pcr????????????????? KH0???????? SNL = hV ? lV???
?????????????????????????????? (3.2.8)????????????
??? 4?????????
KH _1Pcr = KH 0 + h
V − lV
hL _1Pcr  (3.2.8)
hV??????????????????
lV????????????
?????????????????????????????????????????????
????????
1Pcr = hV + lV  (3.2.9)
? (3.2.8)? (3.2.9)? (3.2.7)???????????????
KH 0 + h
V − lV
hL _1Pcr
≥ h
V + lV
hR_1Pcr
⇒ KH 0 ≥ h
V
hR_1Pcr
− h
V
hL _1Pcr
⎛
⎝
⎜⎜
⎞
⎠
⎟⎟+
lV
hR_1Pcr
+ l
V
hL _1Pcr
⎛
⎝
⎜⎜
⎞
⎠
⎟⎟  (3.2.10)
? (3.2.10)? 1? 1?????????? 3.2.12???????????????????????
?????????????????????????? (3.2.10)???????????? 2??
?????????? (3.2.11)??????
KH 0 ≥
2 lV
h  (3.2.11)
????1? 1?????????? lV???????????????????????????
??????????????????????????????? KH??? (3.2.8)??????
???????
? 3.2.12?????????????
EIc
KH
h
1Pcr 2Pcr
(a)??????? (b)sway?????
1Pcr , 2Pcr????????
?????????????
3 – 9
KH = KH 0 − l
V
h  (3.2.12)
?????????????????????????????????????????????
? sway??????????????????????????????????? (3.2.5b)???
???????
lV ≤ KHh ⇒ l
V
h ≤ KH  (3.2.13)
? (3.2.12)? (3.2.13)??????????????
lV
h ≤ KH 0 −
lV
h ⇒ KH 0 ≥
2 lV
h  (3.2.14)
? (3.2.14)?????????????????????????????? (3.2.11)? (3.2.14)??
?????????????????????????????????????????????
?????? 1? 1???????????????????????????? 3.2.12(a)???
??????????????????????????????????? NE?????????
3.2.1??????????????????????????????????? (3.2.10)????
?????? 3.2.12(b)? sway?????????????????? NE?????? (3.2.10)??
?????? (?)?????????????????????????(hV/hR_1Pcr)???????(hV/
hL_1Pcr)?????????hL_1Pcr? hR_1Pcr??1Pcr???????????????????????
??????????hV/hR_1Pcr?????????????????????hV/hL_1Pcr?????????
??? (3.2.10)??????????????????????
3.2.4　1層 1スパン骨組中の柱の弾性座屈軸力の精解
????????????????????????????????? KH??????????
???????????????? 1? 1??????????????????????????
??3.2.3???????????????????? 3.2.11(b)?????????????????
???????????? 3.2.11(a)?????????????????????????????
?????
○座屈条件式
??????????????????? 3.2.13??????????????? 2?????MTB?
MBT????????????????????qT, qB???????R????????
qT
MTB = ?KrTqT
R
EIchR
N
NMBT = ?KrBqB
qB
QBT
QTB = ?KHRhR
? 3.2.13??????????????????????
N???
MTB, MBT????????
QTB, QBT???????
qT, qB??????
R????
3 – 10
MTB =
EIc
hR
sθT + scθB − s 1+ c( )R{ }= −KrTθT  (3.2.15)
MBT =
EIc
hR
sθB + scθT − s 1+ c( )R{ }= −KrBθB  (3.2.16)
s = sin ψ( )−ψ cos ψ( ){ }ψ2 1− cos ψ( ){ }−ψ sin ψ( )   ,   c =
ψ − sin ψ( )
sin ψ( )−ψ cos ψ( )  (3.2.17a, b)
ψ = hR
N
EIc
= π
N
NE
 (3.2.18)
??N????????
??KrT, KrB?????????????
??hR??? N???????????????
??? R?????????????? 3.2.13?????????????????????????
N???????
−KHR hR( )
2
−KrTθT −KrBθB + NRhR = 0  (3.2.19)
??KH??????????
????????????????????? krT, krB, kH???????????
krT =
KrThR
EIc
   ,   krB =
KrBhR
EIc
   ,   kH =
KH hR( )
3
12EIc
 (3.2.20a, b, c)
? (3.2.18)? (3.2.20)?????? (3.2.15), (3.2.16), (3.2.19)???????????????????
s+ krT sc −s 1+ c( )
sc s+ krB −s 1+ c( )
krT krB 12kH −ψ 2
⎧
⎨
⎪⎪
⎩
⎪
⎪
⎫
⎬
⎪⎪
⎭
⎪
⎪
θT
θB
R
⎛
⎝
⎜
⎜
⎜⎜
⎞
⎠
⎟
⎟
⎟⎟
= 0

 (3.2.21)
?????????????????? 0????????? (3.2.21)???? qT = qB = R = 0???
???????????????????????????????????????????? (3.2.22)
????
s+ krT sc −s 1+ c( )
sc s+ krB −s 1+ c( )
krT krB 12kH −ψ 2
= 0  (3.2.22)
???????????????????? (3.2.23)????
s+ krT −s 1+ c( )
−sc+ krT s 1+ c( )+12kH −ψ 2
= 0  (3.2.23)
○柱の軸方向変形の表現
?? (3.2.22)? (3.2.23)???????????3.2.1????? 1? 1?????????????
???????????????????????????????????????????? lV
??????hV = N????????????????????? hL??????? hR?????
?????
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hL = h 1+ h
V
EAc
⎛
⎝
⎜
⎞
⎠
⎟  (3.2.24a)
hR = h 1− h
V
EAc
⎛
⎝
⎜
⎞
⎠
⎟  (3.2.24b)
○材端バネ剛性
????????? KrT?? 3.2.5???? (3.2.25) ~ (3.2.27)?????????? 3.2.14?????
?????????????????????????????????????????????
???? 3.2.6???????????????????????(b/a = 0.04 ~ 0.1)?? sway????
?????????????????? KrT??????????? KH?? (3.2.28)??????KH0
????????????????????? hL???????????????????????
?? (3.2.29)??????? (3.2.30)??????
○弾性座屈時軸力の算定と考察
?? 3.2.15, 3.2.16?? 3.2.6, 3.2.7???? (3.2.24)?????????????? (3.2.22)?????
(3.2.23)??????????????????? Ncr_e? NE??????????????????
? 3.2.5??????????????? 1? 1?????????????????????
?? KrT KrB KH KH0
KrT =
4EIb
l =
4β
α
EIc
h ?(3.2.25)
KH = KH 0 + h
V
hL
????(3.2.28)
KH 0 =
6EIc
hL( )
3
1+ 6β
α
hL
h
2+ 3β
α
hL
h
⎧
⎨
⎪
⎩
⎪
⎫
⎬
⎪
⎭
⎪
?(3.2.29)
???????
KrT =
3EIb
l =
3β
α
EIc
h ?(3.2.26)
KrB = 0 KH 0 =
3EIc
hL( )
3
2β
α
hL
h
1+ 2β
α
hL
h
⎧
⎨
⎪
⎩
⎪
⎫
⎬
⎪
⎭
⎪
?(3.2.30)
sway?????
KrT =
6EIb
l =
6β
α
EIc
h ?(3.2.27)
?b = Ib /Ic????a = l/h??(3.2.31a, b)
hL , hR??? (N = hV )???????????????
Ac??????
KrT , KrB?? 3.2.11(a)???????????????????
KH?? 3.2.11(a)????????????????
KH0????????????????
hV               hV
? 3.2.14?1? 1????????????????????
(f)??? sway???????????
(c)sway?????? KrT??????
EIb
qc l
Mc qc Mc =
6EIb
l θc
(e)??????????????????
(b)???????? KrT??????
EIb
l qb
Mb =
3EIb
l θbEIb
l
qa Ma =
4EIb
l θa
(d)????????????
(a)??????? KrT
Ma , Mb , Mc?????????????qa , qb , qc??????
hV               hV
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0.0 
1.0 
2.0 
3.0 
0.0 0.1 0.2 0.3 0.4 0.5 
b/a
? 3.2.15????????????
?????? 1? 1??????
N1cr /NE
eig.N1cr /NE
Ncr_e /NE
Ncr_non /NE
0
1
0 0.1 0.2 0.3 0.4 0.5
???
???
???
???
Ncr /NE
0.0  
0.2  
0.4  
0.6  
0.8  
1.0  
1.2  
1.4  
0.0  0.1  0.2  0.3  0.4  0.5  
b/a
? 3.2.16????????????
?????? 1? 1??????
Ncr /NE
N1cr??????????????
eig.N1cr??????????????
Ncr_e?????????????????????????????
Ncr_non??????????????????????????????
?? hL = hR = h????????????? Ncr_non? NE??????????N1cr? eig.N1cr? 3.2.1?
???????????????? 3.2.7???????????KrT?? (3.2.26)? (3.2.27)????
?????????????
?????? 1? 1????????? 3.2.15????????????????????????
??????????????????????????????? (b/a)???????????
??????????Ncr_e? Ncr_non?????????????????????????????
???????????????????????? 1? 1????????? 3.2.16??????
????????????????? (Ncr_non /NE)? 1?????????????????? (eig.N1cr /
NE)?????????????? (b/a = 0.04)? 1.6 %?(b/a = 0.5)? 5.0 %???????????
??????????????????????????????????????(b/a = 0.04 ~ 0.1)
? (Ncr_non /NE)???? 3.2.16????????????????????1???????????
?????????????????? (Ncr_e /NE)??(b/a > 0.1)?? (Ncr_non /NE)???????????
????? (b/a)?????????????????? (Ncr_e /NE)? 1??????
?????????????????????????????????????????????
??????????????????? 1? 1???????????????????????
???????????? (b/a ? 0.1)????????????????????????????
???? NE?????
N1cr /NE eig.N1cr /NE Ncr_e /NE Ncr_non /NE
0.04 1.88 1.69 1.52 1.54
0.1 2.05 1.86 1.71 1.72
0.2 2.22 2.07 1.96 1.94
0.3 2.35 2.23 2.16 2.12
0.5 2.53 2.47 2.46 2.39
 
N1cr /NE eig.Ncr /NE Ncr_e /NE Ncr_non /NE ??????
0.04 0.870 1.01 0.643 1.02 sway
0.06 0.953 1.01 0.822 1.03 sway
0.08 0.994 1.02 0.937 1.04 sway 
0.1 1.02 1.02 1.00 1.05 sway
0.2 1.06 1.04 1.09 1.07 ??
0.3 1.08 1.05 1.12 1.09 ??
0.5 1.10 1.08 1.15 1.14 ??
N1cr /NE
eig.N1cr /NE
Ncr_e /NE
Ncr_non /NE
0
1
0 0.1 0.2 0.3 0.4 0.5
???
???
???
???
? 3.2.7????????????
?????? 1? 1??????
? 3.2.6????????????
?????? 1? 1??????
b/a
b/a
3 – 13
3.3　骨組中の柱の座屈長さ算定図表
3.3.1　作成方法
?3.2.4?????????????(b/a)??????????????????? N1cr? NE???
????????????????????????????? (3.2.22), (3.2.23)?????????
?????????????????????????????????????????????
??????????????????????????? 4?????????????????
??????????????????????????????????????????????
???????????????????? 3.2.4?????? (3.2.22), (3.2.23)????
??????????????????? 1?????????? 2??????????????
??????????????????????????????????????????????
?? 3.3.1(a)??? 1???????????? 3.3.1(b)????????????????????
????????????????????????????????? 3.3.1(b)????????
?????????????????????????????????????????????
??????????????????????? 2?????????????????????
?????????????????????????????????
????????????????????????????????????? lV??????(N 
= hV )???????? N????????????? hL??????? hR??3.2.4??????
(3.2.24)??????????(N/EAc)????? e????? (3.2.24)???????????????
hL = h 1+ε( )  (3.3.1a)
hR = h 1−ε( )  (3.3.1b)
???? (3.3.2a)???????e? (N/NE)???? (h/i)? 2?????????????(N/NE)?
?? N? NE????????(h/i)????? h???????????i??? 2????????
??? (3.3.2b)????
ε =
N
EAc
=
N
NE
NE
EAc
=
N
NE
π 2
h2
Ic
Ac
=
π 2
hi( )
2
N
NE
⎛
⎝
⎜
⎞
⎠
⎟  (3.3.2a)
? 3.3.1????????
(a)??? (b)???
Ib2
Ib(i+1)
IbR
Icn
Ici
Ic1
Icn
Ici
Ic1
Ib(i+1) /2
Ici Ici
Ibi /2
Ib2 /2
Ic1 Ic1
Ibi?i??????? 2??????
Ici?i?????? 2??????
hVi?i?????????????
hVidiv.?????????????
??? n???????R????????
hVnhVn
hVihVi
hV1hV1
hVndiv. = hVnhVndiv.
hVidiv. = hVk
k=i
n
∑hVidiv.
hV1div. = hVk
k=1
n
∑hV1div.
Ibn
Ibi
hVn-1hVn-1
hVi-1hVi-1
IbR
Icn Icn
Ibn /2
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????????? 2???? i??????????
i = IcAc
 (3.3.2b)
???????????????????????? 3.2.11(a)?????????????????
?????????????????? krT, krB, kH?? 3.3.1????krT, krB, kH????? (3.2.20)?
????????????????????????????????????????????
3.2.6???????????????????????????????? (Ib/2)????Kr?? 3.2.5
? (1/2)????????????????????????????? Kr???????3.2.1??
?????????????????????????????????? (KrT = 4E(Ib/2)/l)????
????????????? (KrT = 3E(Ib/2)/l)??????kH?? (3.2.28)????????????
??? kH0??? 3.3.1??????????????? KH0?????????????
?? 3.3.1??????????????? (3.2.22)????? (3.2.23)?????????????
???????? (Ncr /NE)???????????Ncr?????????????? 3.3.1????
???????? (N/NE)?????? (h/i)? (b/a)? 2?????
? 3.3.1????????????????????????
?? krT krB kH kH0
???????
??????
hV hV
l
h EIcEIc
EIb /2
?????
krT =
3β
2α 1−ε( )      (3.3.3)
kH = kH 0 +
π 2
12
N
NE
⎛
⎝
⎜
⎞
⎠
⎟
1−ε( )3
1+ε
                                 (3.3.7)
? kH0????????
????
kH 0 =
1−ε( )3
2 1+ε( )3
1+ 3β
α
1+ε( )
2+ 3β2α 1+ε( )
⎧
⎨
⎪
⎩
⎪
⎫
⎬
⎪
⎭
⎪
                                      (3.3.8)
sway???
krT =
3β
α
1−ε( )      (3.3.4)
???????
hV hV
l
h EIcEIc
EIb /2
EIb /2
?????
? (3.3.3)
krB =
3β
2α 1−ε( )
              (3.3.5) kH 0 =
1−ε( )3
1+ε( )3
β
α
1+ε( )
2+ β
α
1+ε( )
⎧
⎨
⎪
⎩
⎪
⎫
⎬
⎪
⎭
⎪
                                      (3.3.9)
sway???
? (3.3.4)
krB =
3β
α
1−ε( )
              (3.3.6)
???????
??????
hV hV
l
h EIcEIc
EIb /2
?????
? (3.3.3)
krB = 0
kH 0 =
1−ε( )3
4 1+ε( )3
β
α
1+ε( )
1+ β
α
1+ε( )
⎧
⎨
⎪
⎩
⎪
⎫
⎬
⎪
⎭
⎪
                                    (3.3.10)
sway???
? (3.3.4)
??
??????????? Kr???????
????KrT =
3E Ib 2( )
l =
3β
2α
EIc
h
????(3.3.11)
??sway??????? Kr???????
????KrT =
6E Ib 2( )
l =
3β
α
EIc
h
????(3.3.12)
?????? kH 0 =
KH 0 hR( )
3
12EIc
????(3.3.13)
3 – 15
3.3.2　座屈長さ算定図表についての考察
?? 3.3.2?????????????kr??? (3.3.3)?? (3.3.5)???????????????
????(a)?????????????(b)??????(c)??????????????????
????????? (b/a)????????? h??????? (h/i)????g???????????
g? (Ncr /NE)??????????Ncr?????????????????????? N??????
γ =
NE
Ncr
 (3.3.14)
?? 3.3.2????? g???????????????????????????????????
??????????? (h/i)??????????????????????????? 3.3.2(b)? (c)
??????????????????????????(h/i)?????????????????
????????? (b/a)?????????????????????????????????
???? 3.3.1???????????????? sway?????????????????
??? 3.1)?????????5???? 10??????????????????????? (b/
a)? (0.28 ~ 0.80)??????????????? (F = 235 N/mm2)?????????? 120????
?????????????????????????????????????? 3.3.2?? (h/i = 
50)?????????
?? 3.3.3 ~ 3.3.5?? 3.3.2?????????????????????????????? 3.3.3
?????????????? 3.3.4???????????? 3.3.5????????????????
? 3.3.3 ~ 3.3.5?????????(b/a)? (h/i)???????????? 3.2.12(b)???? sway?
??????????(b/a)? (h/i)???????????? 3.2.12(a)?????????????
??????????????????????????????????????????????
???????????? 3.3.4?????????? 3.2.12???? sway????????????
?????????????????????? 3.3.2(b)???????????????????
???????? 3.3.2(b)?????????????????????????????????
???????? sway??????????????????????????????????
????????? kr??????????????????????????? kr????? (3.3.3)
?? (3.3.5)????????????????
?? 3.3.2(b)?????????????????????? (b/a)?????(h/i)????????
?????? g???????? (3.3.2a)?????????(h/i)???????????????
?????????????? e??????????????????????????????
???????????? h????????? NE???????? Ncr????????????
?????sway??????????????????????? (b/a)?????(h/i)?????
????????? g??????????? 3.3.1?????????????? e??????
???????????????????????????? krT , krB , kH????????????
??????????????????????????? 3.3.2(a)?????????(h/i)? (6 ~ 8)
?????????????????????????????????? NE???????? Ncr
??????????????????? (b/a)?????(h/i)?????????????? g?
??????????????? (h/i)???????????? (Ncr /NE)????????????
???????????????????????????????????
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? 3.3.2????????????????????????
(a)???????????
(c)???????????
(b)????????
??????????????
???????
g = 0.70
g = 0.65
g = 0.75
g = 0.80
g = 0.90
g = 0.7
g = 0.8
g = 0.9
g = 1.0
g = 1.5
g  =
 0
.9
2
g = 0.95g = 1.00
g = 1.50g = 2.00
( b/a)
(h/i)
( b/a)
(h/i)
( b/a)
No.1 No.2
No.3 No.4
No.5 No.6
No.7 No.8
No.9
No.10 No.11 No.12 No.13
No.1 No.2 No.3
No.4 No.5
No.6 No.7
No.8
No.9
No.10
No.11 No.12
No.13
No.1
No.2 No.3
No.4 No.5 No.6 No.7
No.8
No.9 No.10
No.11
No.12
(h/i)
????????
sway??????
      ?g???????????
      ?????????????
      ????????? sway??????
         ????????
?   ?mode???????? 3.3.3 ~ 3.3.5???
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No.1
g = 1.0
b/a = 0.015
h/i = 38.3
No.2
g = 0.9
b/a = 0.376
h/i = 38.5
No.3
g = 0.8
b/a = 1.02
h/i = 38.4
No.4
g = 1.5
b/a = 0.008
h/i = 23.2
No.5
g = 1.0
b/a = 0.042
h/i = 23.0
No.6
g = 0.9
b/a = 0.315
h/i = 23.1
No.7
g = 0.8
b/a = 0.913
h/i = 23.0
No.8
g = 0.7
b/a = 1.25
h/i = 12.8
No.9
g = 1.5
b/a = 0.042
h/i = 10.3
No.10
g = 1.0
b/a = 0.239
h/i = 10.2
No.11
g = 0.9
b/a = 0.386
h/i = 10.2
No.12
g = 0.8
b/a = 0.689
h/i = 10.2
No.13
g = 0.7
b/a = 1.45
h/i = 10.2
? 3.3.4???????????????????????
No.1
g = 1.50
b/a = 0.006
h/i = 38.0
No.2
g = 1.00
b/a = 0.036
h/i = 38.3
No.3
g = 0.95
b/a = 0.622
h/i = 38.3
No.4
g = 1.50
b/a = 0.016
h/i = 23.3
No.5
g = 1.00
b/a = 0.108
h/i = 23.0
No.6
g = 0.95
b/a = 0.559
h/i = 23.0
No.7
g = 0.92
b/a = 1.43
h/i = 23.0
No.8
g = 2.00
b/a = 0.027
h/i = 10.2
No.9
g = 1.50
b/a = 0.091
h/i = 10.2
No.10
g = 1.00
b/a = 0.474
h/i = 12.8
No.11
g = 0.95
b/a = 1.02
h/i = 12.8
No.12
g = 0.92
b/a = 1.45
h/i = 17.9
? 3.3.5?????????????????????????
No.1
g = 0.80
b/a = 0.118
h/i = 39.1
No.2
g = 0.75
b/a = 0.311
h/i = 38.3
No.3
g = 0.70
b/a = 0.622
h/i = 38.1
No.4
g = 0.65
b/a = 1.16
h/i = 38.3
No.5
g = 0.80
b/a = 0.134
h/i = 22.7
No.6
g = 0.75
b/a = 0.316
h/i = 23.0
No.7
g = 0.70
b/a = 0.598
h/i = 23.0
No.8
g = 0.65
b/a = 1.06
h/i = 23.0
No.9
g = 0.90
b/a = 0.04
h/i = 10.2
No.10
g = 0.80
b/a = 0.318
h/i = 10.2
No.11
g = 0.75
b/a = 0.557
h/i = 10.2
No.12
g = 0.70
b/a = 0.917
h/i = 10.2
No.13
g = 0.65
b/a = 1.30
h/i = 11.4
? 3.3.3?????????????????????????
3 – 18
0 
50 
100 
150 
200 
0 0.5 1 1.5 
0 
50 
100 
150 
200 
0.0  0.5  1.0  1.5  
0 
50 
100 
150 
200 
0 0.5 1 1.5 
? 3.3.6??????????????????????????????
(a)???????????
(c)???????????
(b)????????
g
non  = 0.70
g
non  = 0.65
gnon = 0.75
g
non  = 0.80
g = 0.90
g = 0.8g =
 0.9
g = 1.0
g = 1.5
g = 0.92
g = 0.95
g = 1.00g = 1.50
(h/i)
( b/a)
(h/i)
( b/a)
(h/i)
( b/a)
g = 0.80 g = 0.75 g = 0.70 g = 0.65
g
a  = 0.65
ga = 0.70?b/a = 0?
g = 0.7
g
non  = g
a  = 0.9
g
non  = g
a  = 0.8
gnon = ga = 1.0?b/a = 0?
g
non  = 0.95
gnon = ga = 1.0?b/a = 0?
g
a  = 0.95
g
a  = 0.92
ga????????????????????
?????????????????????
?????????????????????
?????????????????????
???G????????????? (Ig/lg)?
1.5??????
g?????????????
gnon??????????????
ga??????????? (1.7b)?
????????????
?????????
????????????
?????????????????????????? 3.4)?????????? ga??????
???????? 3.3.6??????????????????????????????????
?????????????????? 3.2.14(b)???????????????????????
????????? G?????????????????????????? 1.5????? 3.4)?
??????????? 1??? (1.7b)???????? 3.3.6???? (3.2.22)????? (3.2.23)
??????????????????????????? gnon????????? ga??????
gnon????3.2.3?????????????????????????????????????
?????????? sway???????????????? 3.3.6(b)????????????
??????? ga? gnon?????????????????????????? g? (h/i ? ? )?
???????????????? (3.3.2a)?????????(h/i)?????????? e???
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?????????? 3.3.6(a)? (c)?????????????????????????????
??gnon? g? (h/i ? ? )????????????? 3.3.6(b)????????ga? gnon???????
? 3.3.3?? 3.3.5?????????????????? 3.2.12(a)???????????????
????????????????????? ga???????
3.3.3　座屈長さ算定図表の提案と数値解析結果との比較
?? 3.3.7 ~ 3.3.9???????????????????????? 3.3.7?????????????
? 3.3.8???????????? 3.3.9????????????????3.3.2????? kr??
(3.3.3), (3.3.5)????????????????????????? h?????????????
??????????? (b/a)???????????????????????????????
??????????????? (b/a)???????????????????????????
????????????????????????????????????????? 3.3.7??
????????? 3.3.9??????????????????????????????????
?????????? 2??????? (1/2)????????????1???????? (b/a)?
??? 2???????????
?? 3.3.7????????????????????????? 1??????
??????????????????2.4???????????? 3.2.1????? 1? 1???
???????????????? 3.3.7 ~ 3.3.9??? 2.4???????????????????
????????? 3.2.1????????????g i????????????? Nicr??????
??????????Nicr????????????? 0.2???????????????????
gi?Nicr???? i?????????????????????3.3.1????????????? (1/2)
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? 3.3.7?????????????????
???????
(h/i)
( b/a)
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g  =
 0
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0.
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0.
80
0.
74
0.
76
0.
72
0.
67
0.
65
0.
66
0.
64
g =
 0
.6
3
g =
 0.
62
0.95
12A15B06fix?g1 = 0.648
152A15B06fix?g1 = 0.733
52A20B04fix?g1 = 0.690
52A20B02fix?g1 = 0.726
52A30B18fix?g1 = 0.620
52A15B13fix?g1 = 0.615
22A15B06fix?g1 = 0.623
      ?g???????????
      ?????????????
?   ?2.4????????
?   ?3.2.1????????
g i?2.4?????????? Nicr????
?? i????????????
g = 0.85
0.90
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(b)????????
???????
???????
(h/i)
( b/a)
(h/i)
( b/a)
0.
82
0.
84
g  =
 0
.9
0
0.
98
0.
94
0.
96
0.
88
0.
92
0.
86
0.
80
0.
78
0.
76
g =
 0.7
4
0.72
0.70 g = 0.68
g = 0.66
g = 1.00
1.1
1.2
1.3
1.4
1.5
0.
94
0
0.
94
5
g  =
 0
.9
50
0.
99
0.
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0.
97
0.
93
5
0.
93
0
0.
92
5
g  =
 0
.9
20
g = 1.0
g = 1.1
g = 1.2
1.3
1.4
1.5
g = 2.0g = 3.0
52A20B04fix?g2 = 0.792
32A15B06fix?g2 = 0.842
52A30B18fix?g2 = 0.729
52A15B13fix?g2 = 0.731
152A15B06fix?g3 = 0.811
52A20B02fix?g2 = 0.813
12A15B06pin?g1 = 0.917
22A15B06pin?g1 = 0.864
52A15B13pin?g1 = 0.853
52A15B13pin?g1 = 0.852
52A20B04pin?g1 = 0.887
52A20B02pin?g1 = 0.928
152A15B06pin?g1 = 0.885
? 3.3.9?????????????????
? 3.3.8???????????????
      ?g???????????
      ?????????????
?   ?2.4????????
?   ?3.2.1????????
g i?2.4?????????? Nicr????
?? i????????????
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?????????????????????? 1?????????????????(b/a)???
? 2?????????????????????????? 2.4.32??????????????
?????????????????????10?? 15????? 3?????????? g3??
???????????????? g2????????? 3.3.7 ~ 3.3.9?????????????
??????????????????????????????????
?2.5??????????????????????????????????????????
??g i??????????????????????????????????????????
??????????????????????????????????????? 2.5.3(c), (d)?
?????????????????????????????????????????????
?????????????????????????????????????????????
????????????????????
???????????????????????????????????? (b/a)???????
????????????????2.6???????????????? 5? 2??????????
????????????????????????? g i???????????????????
???????????????? (1:1.5)???? (1:2)???????????????????
?????????????????????? 2.6.6? 2.6.7? (d)??????????????
?????????????????????????????????????????????
?????????????????????????????????????????????
?????????????????????????????????????????
3.4　結
?????????????????????????????????????????????
????????????
?3.2????1? 1????????????????????????????????????
????????????????
(1)????????????????????????????????????????????
???????????????????????????1? 1?????????????
??? 3.2.12(a)??????????????????????? lk????? h??????
(2)??????????????????????????????????????????
??????????????????????? (lk > h)??????????
?3.3??????????????????????????????????????????
???????????????????????? 1????????????????????
?????????? 2??????????????????????????????????
????????????????????????????????3.3???????????
?????
(3)??????????????????????????? 1??????
(4)???????????????2.4??????????????????????????
?????????????????
(5)???????????????2.5??????????????????????????
??????????????????????????????????????????
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4 ? 1
第4章　鋼構造ラーメン骨組中の柱の弾性座屈軸力算定手法の提案
4.1　序
?????????????????????????????????????????????
?????????????????????????????????????????????
???????????????????????????? 4.1)????????????????
?????????????????????????????????????????????
??????????????????????????????? Pcr??Pcr = f (krT , krB , kH )???
?????????????????????????????????????????????
???f (krT , krB , kH )??? (krT , krB , kH )????????????????(krT , krB , kH )???????
?????????????????
?4.2???????????????? 1?????????????????????????
????????????????4.3?????????????????????????????
?????????????4.4????4.3?????????????????????????
?????????????????????????????????4.5??????????
?????????????????????????????????????????????
????????
4 ? 2
? 4.2.1?????????????????????????????????
??????????????
??????????
????????????????
??????????
?????? ????? 4.2) ?
?????? ??? 4.3) ?????? 4.1)?
? 4.2.2????????????????????????????????
???????????????
???????????????
???????????????
?????????????
??????????????
??????????????
??????????????
???????????
?????????
???????
??????????
?????? ? ?? 4.5) ?
?????? ?????? 4.4) ? ?????? 4.1)?
(a)????????????? (b)????????????
? 4.2.1?????????????
4.2　先行研究と本章の関係
?? 4.2.1?? 4.2.2????????????????? 4.2.1? 4.2.2?????????????
?????????????????????????????????????????????
?????????????????????????????????????????????
???????????????????????????????????????? 4.2.1??
??????????????????????????? 4.2.2???????????????
????????????2????????????? 4.2.1????? 2??? 3???????
??????????????????????????????????????????????
??????????????????????????????
???4.1) ~ 4.5)?????????1???????????????????4.2.1?4.2.2????
?????????????????????????????????????????????
?????????????????????????????????????????????
????????????? 4.2)???????????????????4.5????? 4.2)???
????????????
4 ? 3
4.3　任意の境界条件の柱の弾性座屈軸力算定式の誘導
4.3.1　仮定する 3つの座屈モード
??????? 4.3.1????????????? 4.3.2??? 3????????????????
????????? 3???? 4??????????????????????????????
??????????????????????????????????????????????
? 3??????????????? 4.4?????? 4.3.2(a)????????????????
???????????? 4.3.2(b)??????????????????????????????
????????????????? 4.3.2(c)? sway????????? S???????????
???????????????????
????????? sway?????????????????????????????????
???????????????????????????? 4.3.2(b)?????????????
??????????????????????????????????????sway?????
??????????????????????????
??????????????????????? Pcr??????????????? g????
??????
Pcr =min a Pcr , b Pcr , b Pcr( )  (4.3.1a)
γ =
NE
Pcr
 (4.3.1b)
NE =
π 2EIc
h2
 (4.3.1c)
aPcr , bPcr , cPcr???????sway????????????
? 4.3.1?????????????
? 4.3.2??????????
(a)??????? (b)??????? (c)sway?????
KrT
KrB
KH
P
h EIc
P???
KH???????
KrT , KrB?????????????
E?????
Ic????? 2??????
h????
aPcr bPcr c Pcr
aPcr?? ? ????
bPcr?? ? ????
c Pcr?sway????
4 ? 4
4.3.2　仮想仕事の原理 4.6)
??????? 4.3.2???????????????????????????????? Pcr??
?????????????????? Pcr??????? 4.3.2????????????????
?????????????????????????
?? 4.3.3????????????? dz????? 4.3.3????????????????????
? 4.3.3?????????????????????????????????? dw????????
dw = dz − dzcosθ = 1− cosθ( )dz  (4.3.2)
????q???????????????????
1− cosθ = 2sin2 θ
2
≈ 2 θ
2
⎛
⎝
⎜
⎞
⎠
⎟
2
=
θ 2
2
 (4.3.3)
? (4.3.3)?? (4.3.2)?????????????
dw = θ
2
2
dz  (4.3.4)
???? dz?????? Dq?????????????? dw????????????
Δdw =
θ +Δθ( )
2
2
dz −θ
2
2
dz =
2θΔθ + Δθ( )
2
2
dz  (4.3.5)
(Dq)2????????????????????? (4.3.5)???????
Δdw =θΔθdz  (4.3.6)
????????????????????????????????u????????????z
???????
Δw = Δdw
0
h
∫ = θΔθ dz
0
h
∫ = dudz
dΔu
dz
dz
0
h
∫  (4.3.7)
?????? DWex??????????????
ΔWex = PcrΔw  (4.3.8)
???????????????????????? 4.3.3?????????????? Dq???
??????? DdWin???????????????M????????f???????
ΔdWin =MΔθ =M
Δθ
dz
dz =MΔφdz  (4.3.9)
??????????????? DWin?????????????????????????? KH
????????????
ΔWin = MΔφ dz
0
h
∫ + KrTθT( )ΔθT + KrBθB( )ΔθB + KHu h( )( )Δu h( )
         = EIc
d 2u
dz2
d 2Δu
dz2
dz
0
h
∫ + KrTθTΔθT + KrBθBΔθB + KHu h( )Δu h( )  (4.3.10)
????????????????????? (4.3.8)? (4.3.10)??????????
ΔWex = ΔWin ⇒ Pcr =
ΔWin
Δw
 (4.3.11)
? 4.3.3????????
dz
q
dz cosq
4 ? 5
4.3.3　弾性個材座屈軸力算定式
???????????????????? aPcr??????????????????? 4.3.2(a)
???????????????????????????????????????????? 4.3.4
????? 4.3.5???????????????????????????????? 2?? 3?
????????
?0 ? z ? h/2??? u1 =C3z
3 +C2z
2 +C1z +C0  (4.3.12a)
?h/2 ? z ? h??? u2 = −D3 z − h( )
3
+D2 z − h( )
2
−D1 z − h( )+D0  (4.3.12b)
??u1, u2????????z??????
??h??????????C, D???
????????? (4.3.13) ~ (4.3.21)????
u1 0( ) = 0  (4.3.13)
du1
dz
z=0
=θB  (4.3.14)
d 2u1
dz2
z=0
=
KrBθB
EIc
=
krBθB
h  (4.3.15)
u2 h( ) = 0  (4.3.16)
du2
dz
z=h
= −θT  (4.3.17)
d 2u2
dz2
z=h
=
KrTθT
EIc
=
krTθT
h  (4.3.18)
u1 h 2( ) = u2 h 2( )  (4.3.19)
du1
dz
z=h 2
=
du2
dz
z=h 2
 (4.3.20)
? 4.3.4?????
z
u
???????
M
????
Q
???
q
? 4.3.5?????????????
????? u1
????? u2
aPcr
aPcr
h
QB
QT
MT = KrTqT
MB = KrBqB
z
u
EIc
qT
qB
aPcr:??????
MT, MB:??????????
QT, QB:???????
qT, qB:?????
u, z:?????????
4 ? 6
QT +QB = 0 ⇒
d 3u2
dz3
z=h
+
d 3u1
dz3
z=0
= 0  (4.3.21)
????
?? krT =
KrTh
EIc
?? krB =
KrBh
EIc
 (4.3.22a, b)
??KrT , KrB?????????????
??E?????????Ic????? 2??????
??MT , MB??????????????????qT , qB???????????
??QT , QB???????????
????????? 9???????? C, D???????qB? qT??????? ah??????
?????????? u1, u2? qT???????????????????
u1 = −
ξ
3
z3
h2
+
krB aη
2
z2
h
+ aηz
⎧
⎨
⎪
⎩⎪
⎫
⎬
⎪
⎭⎪
θT  (4.3.23)
u2 =
ξ
3
z − h( )
3
h2
+
krT
2
z − h( )
2
h
− z − h( )
⎧
⎨
⎪
⎩⎪
⎫
⎬
⎪
⎭⎪
θT  (4.3.24)
?? aη =
θB
θT
=
krT + 4
krB + 4
 (4.3.25)
??ξ = krB + 2( ) aη + krT + 2( )  (4.3.26)
4.3.2?????????????? aPcr????????? Dw? DWin????????
Δw = du1
dz
dΔu1
dz
dz
0
h 2
∫ + du2dz
dΔu2
dz
dz
h 2
h
∫  (4.3.27)
???????? (4.3.27)?? (du/dz)???????
??
du1
dz
= −ξ
z2
h2
+ krB aη
z
h
+ aη
⎧
⎨
⎪
⎩⎪
⎫
⎬
⎪
⎭⎪
θT  (4.3.28)
??
dΔu1
dz
= −ξ
z2
h2
+ krB aη
z
h
+ aη
⎧
⎨
⎪
⎩⎪
⎫
⎬
⎪
⎭⎪
ΔθT  (4.3.29)
??
du2
dz
= ξ
z − h( )
2
h2
+ krT
z − h
h
−1
⎧
⎨
⎪
⎩⎪
⎫
⎬
⎪
⎭⎪
θT  (4.3.30)
??
dΔu2
dz
= ξ
z − h( )
2
h2
+ krT
z − h
h
−1
⎧
⎨
⎪
⎩⎪
⎫
⎬
⎪
⎭⎪
ΔθT  (4.3.31)
ΔWin = EIc
d 2u1
dz2
d 2Δu1
dz2
dz
0
h 2
∫ + EIc d
2u2
dz2
d 2Δu2
dz2
dz
h 2
h
∫ + EIch krTθTΔθT +
EIc
h
krB aη( )
2
θTΔθT  (4.3.32)
???????? (4.3.32)?? (d2u/dz2)???????
??
d 2u1
dz2
=
1
h
−2ξ z
h
+ krB aη
⎧
⎨
⎩
⎫
⎬
⎭
θT  (4.3.33)
4 ? 7
??
d 2Δu1
dz2
=
1
h
−2ξ z
h
+ krB aη
⎧
⎨
⎩
⎫
⎬
⎭
ΔθT  (4.3.34)
??
d 2u2
dz2
=
1
h
2ξ z − h
h
+ krT
⎧
⎨
⎩
⎫
⎬
⎭
θT  (4.3.35)
??
d 2Δu2
dz2
=
1
h
2ξ z − h
h
+ krT
⎧
⎨
⎩
⎫
⎬
⎭
ΔθT  (4.3.36)
? (4.3.27)? (4.3.32)???? aPcr?????x?? (4.3.26)??????????????????
a Pcr =
ΔWin
Δw
=
krT +5( ) krB +5( )−17+ 4 aη +
1
aη
⎛
⎝
⎜⎜
⎞
⎠
⎟⎟
krT +7( ) krB +7( )−17+16 aη +
1
aη
⎛
⎝
⎜⎜
⎞
⎠
⎟⎟
40EIc
h2
 (4.3.37)
??????????????????? aPcr???????????
???????????KrB = ??
a Pcr =
krT( )
2
+9krT + 24
krT( )
2
+11krT + 44
40EIc
h2  (4.3.38)
???????????????
???0 ? z ? h/2??? u1 = −
2 krT +3( )
3
z3
h2
+
krT + 4
2
z2
h
⎧
⎨
⎪
⎩⎪
⎫
⎬
⎪
⎭⎪
θT  (4.3.39)
???h/2 ? z ? h??? u2 =
2 krT +3( )
3
z − h( )
3
h2
+
krT
2
z − h( )
2
h
− z − h( )
⎧
⎨
⎪
⎩⎪
⎫
⎬
⎪
⎭⎪
θT  (4.3.40)
????????????????Kr = KrT = KrB?
a Pcr =
kr( )
2
+10kr +16
kr( )
2
+14kr +64
40EIc
h2  (4.3.41)
???????????????
???0 ? z ? h/2??? u1 = −
2 kr + 2( )
3
z3
h2
+
kr
2
z2
h
+ z
⎧
⎨
⎪
⎩⎪
⎫
⎬
⎪
⎭⎪
θT  (4.3.42)
???h/2 ? z ? h??? u2 =
2 kr + 2( )
3
z − h( )
3
h2
+
kr
2
z − h( )
2
h
− z − h( )
⎧
⎨
⎪
⎩⎪
⎫
⎬
⎪
⎭⎪
θT  (4.3.43)
????????????KrB = 0?
a Pcr =
3 krT( )
2
+18krT +32
11 krT( )
2
+92krT + 256
80EIc
h2  (4.3.44)
???????????????
???0 ? z ? h/2??? u1 =
1
2
−
3krT +8
3
z3
h2
+
krT + 4
2
z
⎧
⎨
⎪
⎩⎪
⎫
⎬
⎪
⎭⎪
θT  (4.3.45)
4 ? 8
???h/2 ? z ? h??? u2 =
3krT +8
6
z − h( )
3
h2
+
krT
2
z − h( )
2
h
− z − h( )
⎧
⎨
⎪
⎩⎪
⎫
⎬
⎪
⎭⎪
θT  (4.3.46)
4.3.4　弾性中間座屈軸力算定式
???????????????????? bPcr??????????????????? 4.3.2(b)
???????? 4.3.6?????????????????? u???? 4?????????
u =C4z
4 +C3z
3 +C2z
2 +C1z +C0  (4.3.47)
????????? (4.3.48) ~ (4.3.53)????
u 0( ) = 0  (4.3.48)
du
dz z=0
=θB  (4.3.49)
d 2u
dz2 z=0
=
KrBθB
EIc
=
krBθB
h  (4.3.50)
du
dz z=h
= −θT  (4.3.51)
d 2u
dz2 z=h
=
KrTθT
EIc
=
krTθT
h  (4.3.52)
QT +QB = 0 ⇒
d 3u
dz3 z=h
+
d 3u
dz3 z=0
= 0  (4.3.53)
krT , krB?????? (4.3.22a, b)???????
????????? 6???????? C???????qB? qT??????? bh???????
????????? u? qT???????????????????
u = ξ
2
z4
h3
−ξ
z3
h2
+
krT
2
z2
h
+ bηz
⎧
⎨
⎪
⎩⎪
⎫
⎬
⎪
⎭⎪
θT  (4.3.54)
??ξ = krT +1+ bη  (4.3.55)
?? bη =
θB
θT
=
krT
krB
 (4.3.56)
MT = KrT qT
MB = KrB qB
QT
QB
bPcr
bPcr
h EIc
qT
qB
u
z
? 4.3.6?????????????
R
bPcr???????
R????
4 ? 9
??????????????????????? KrT , KrB???? KH??????????????
??????????????????????????????????? (4.3.53)??????
????????????(QT = ? KHRh)??????????????? (4.3.54)????????
???????? KH?????????? (4.3.54)????? (QT = ? KHRh)????? KrT , KrB??
? KH??????????????????????????????????????????
???????????????? (4.3.66)?????????????????????????
????????????????????? (4.3.57), (4.3.58)?????????????????
?????????????????????????????????? (4.3.57)???????
?????????????????????????????????????????
−MT +MB +QTh+ b PcrhR = 0  (4.3.57)
u h( ) = hR  (4.3.58)
? (4.3.54)???????????????4.3.2?????????????? bPcr???????
?? Dw? DWin????????
Δw = du
dz
dΔu
dz
dz
0
h
∫  (4.3.59)
???????? (4.3.59)?? (du/dz)???????
??
du
dz
= 2ξ z
3
h3
−3ξ z
2
h2
+ krT
z
h
+ bη
⎧
⎨
⎪
⎩⎪
⎫
⎬
⎪
⎭⎪
θT  (4.3.60)
??
dΔu
dz
= 2ξ z
3
h3
−3ξ z
2
h2
+ krT
z
h
+ bη
⎧
⎨
⎪
⎩⎪
⎫
⎬
⎪
⎭⎪
ΔθT  (4.3.61)
ΔWin = EIc
d 2u
dz2
d 2Δu
dz2
dz
0
h
∫ + EIch krTθTΔθT +
EIc
h
krT bηθTΔθT +
12EIc
h3
kHu h( )Δu h( )  (4.3.62)
???????? (4.3.62)?? (d2u/dz2)? Du(h)???????
??
d 2u
dz2
=
1
h
6ξ z
2
h2
−6ξ z
h
+ krT
⎧
⎨
⎪
⎩⎪
⎫
⎬
⎪
⎭⎪
θT  (4.3.63)
??
d 2Δu
dz2
=
1
h
6ξ z
2
h2
−6ξ z
h
+ krT
⎧
⎨
⎪
⎩⎪
⎫
⎬
⎪
⎭⎪
ΔθT  (4.3.64)
??Δu h( ) = h2 bη −1( )ΔθT  (4.3.65)
? (4.3.59)? (4.3.62)???? bPcr?????x?? (4.3.55)??????????????????
b Pcr =
ΔWin
Δw
=
krT +1( ) krT +6( )+ 7krT +12( ) bη +6 bη( )
2
+15kH bη −1( )
2
krT( )
2
+9krT +78+9 krT −6( ) bη +78 bη( )
2
42EIc
h2  (4.3.66)
??????????????????? bPcr???????????
???????????KrB = ??
b Pcr =
krT +1( ) krT +6( )+15kH
krT( )
2
+9krT +78
42EIc
h2  (4.3.67)
???????????????
4 ? 10
?? u =
krT +1( )
2
z4
h3
− krT +1( )
z3
h2
+
krT
2
z2
h
⎧
⎨
⎪
⎩⎪
⎫
⎬
⎪
⎭⎪
θT  (4.3.68)
????????????????Kr = KrT = KrB?
b Pcr =
kr( )
2
+14kr + 24
kr( )
2
+18kr +102
42EIc
h2  (4.3.69)
???????????????
?? u =
kr + 2( )
2
z4
h3
− kr + 2( )
z3
h2
+
krT
2
z2
h
+ z
⎧
⎨
⎪
⎩⎪
⎫
⎬
⎪
⎭⎪
θT  (4.3.70)
????????????KrB = 0?
b Pcr =
2+5kH
13
21EIc
h2
 (4.3.71)
???????????????
?? u =
1
2
z4
h3
−
z3
h2
+ z
⎧
⎨
⎪
⎩⎪
⎫
⎬
⎪
⎭⎪
θB  (4.3.72)
??????????????????????????bPcr??????? KH?????????
?????????? (4.3.69)??????????????????????? (KrT = KrB)???
?????????????? (4.3.41)???????????????????????????
(4.3.42), (4.3.43)?? (4.3.70)????????????????????????????????
??????????????????????????????????????????3.3?
?????????????????????????????????????????????
?????????????????????????????????????????????
??????????????????????????????????????? sway????
???????????????????
??????????????? (4.3.71)???? bPcr????? krT?????????? (4.3.56)
?? (krTqT = krBqB)???????????(krB = 0)?? (krT ? 0)????(qT = 0)?????????
????????????????????????????krT??????? (4.3.71)?????
??????????????????????????????????? (4.3.71)??????
?????????????????????????????????????????????
????? (4.3.56)?????? (qT = qB /bh)?? (4.3.54)????????(krB = 0)??????? (4.3.72)
??????? (4.3.72)? krT???????????????? (4.3.71)?????????
4.3.5　弾性 sway 座屈軸力算定式
?????????????? sway???? cPcr??????????????????? 4.3.2(c)
???????? 4.3.7?????????????????? u???? 3?????????
u =C3z
3 +C2z
2 +C1z +C0  (4.3.73)
????????? (4.3.74) ~ (4.3.78)????
u 0( ) = 0  (4.3.74)
4 ? 11
du
dz z=0
=θB  (4.3.75)
d 2u
dz2 z=0
=
KrBθB
EIc
=
krBθB
h  (4.3.76)
du
dz z=h
=θT  (4.3.77)
d 2u
dz2 z=h
=
−KrTθT
EIc
= −
krTθT
h  (4.3.78)
krT , krB?????? (4.3.22a, b)???????
????????? 5???????? C???????qB? qT??????? ch???????
????????? u? qT???????????????????
u = −ξ
3
z3
h2
+
krB cη
2
z2
h
+ cηz
⎧
⎨
⎪
⎩⎪
⎫
⎬
⎪
⎭⎪
θT  (4.3.79)
??ξ =
krT krB + krT + krB
krB + 2
 (4.3.80)
?? cη =
θB
θT
=
krT + 2
krB + 2
 (4.3.81)
4.3.2?????????????? cPcr????????? Dw? DWin????????
Δw = du
dz
dΔu
dz
dz
0
h
∫  (4.3.82)
???????? (4.3.82)?? (du/dz)???????
??
du
dz
= −ξ
z2
h2
+ krB cη
z
h
+ cη
⎧
⎨
⎪
⎩⎪
⎫
⎬
⎪
⎭⎪
θT  (4.3.83)
??
dΔu
dz
= −ξ
z2
h2
+ krB cη
z
h
+ cη
⎧
⎨
⎪
⎩⎪
⎫
⎬
⎪
⎭⎪
ΔθT  (4.3.84)
MT = ?KrT qT
MB = KrB qB
QT = ?KH u(h)
QB
cPcr
cPcr
h EIc
qT
qB
u
z
? 4.3.7?sway??????????
R
cPcr?sway????
4 ? 12
ΔWin = EIc
d 2u
dz2
d 2Δu
dz2
dz
0
h
∫ + EIch krTθTΔθT +
EIc
h
krB bη( )
2
θTΔθT +
12EIc
h3
kHu h( )Δu h( )  (4.3.85)
???????? (4.3.85)?? (d2u/dz2)? Du(h)???????
??
d 2u
dz2
=
1
h
−2ξ z
h
+ krB cη
⎧
⎨
⎩
⎫
⎬
⎭
θT  (4.3.86)
??
d 2Δu
dz2
=
1
h
−2ξ z
h
+ krB cη
⎧
⎨
⎩
⎫
⎬
⎭
ΔθT  (4.3.87)
??Δu h( ) = h6
krT krB + 4krT + 4krB +12
krB + 2
⎛
⎝
⎜⎜
⎞
⎠
⎟⎟ΔθT  (4.3.88)
? (4.3.82)? (4.3.85)???? cPcr?????x?? (4.3.80)??????????????????
c Pcr =
ΔWin
Δw
=
krT +3( ) krB +3( )−5− 2 cη +
1
cη
⎛
⎝
⎜⎜
⎞
⎠
⎟⎟+
kH
cη
cη krB + 4( )+ 2{ }
2
krT +5( ) krB +5( )−7+6 cη +
1
cη
⎛
⎝
⎜⎜
⎞
⎠
⎟⎟
10EIc
h2
 (4.3.89)
????????????? sway???? cPcr???????????
???????????KrB = ??
c Pcr =
krT +1( ) krT + 4( )+ kH krT + 4( )
2
krT( )
2
+7krT +16
10EIc
h2  (4.3.90)
???????????????
?? u = −
krT +1( )
3
z3
h2
+
krT + 2( )
2
z2
h
⎧
⎨
⎪
⎩⎪
⎫
⎬
⎪
⎭⎪
θT  (4.3.91)
????????????????Kr = KrT = KrB?
c Pcr =
kr kr +6( )+ kH kr +6( )
2
kr( )
2
+10kr +30
10EIc
h2  (4.3.92)
???????????????
?? u = −
kr
3
z3
h2
+
kr
2
z2
h
+ z
⎧
⎨
⎪
⎩⎪
⎫
⎬
⎪
⎭⎪
θT  (4.3.93)
????????????KrB = 0?
c Pcr =
krT krT +3( )+ 4kH krT +3( )
2
2 krT( )
2
+10krT +15
5EIc
h2  (4.3.94)
???????????????
?? u =
1
6
−krT
z3
h2
+3 krT + 2( ) z
⎧
⎨
⎪
⎩⎪
⎫
⎬
⎪
⎭⎪
θT  (4.3.95)
4 ? 13
4.4　任意の境界条件の柱の弾性座屈軸力算定式の比較
4.4.1　既往の弾性座屈軸力算定式
??????4.3?????????????????????????????????????
??????????????????????????????????
?????????????????????? 4.4.1????? 4.4.1??? 4.4.1???????
4 4 4 4
????????????
4 4 4 4 4 4 4 4 4 4 4 4
Pcr?????????
4 4 4 4 4 4 4 4 4
??????????4.2?????? 4.2.1, 4.2.2??
????????????????????????????
4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4
?????????????????
??????????????????????? 4.2)?????? 4.5)??? 4.2.1??? 4.2.2??
?????????
4 4
?????????????? 4.4.1????????
4
???????????
???
?????? 4.4.1?????????????????????????????????????
???? 4.4.1????????????? Pcr????????????????? g??????
??????????????Pcr? g?????????????
Pcr
NE
=
1
γ 2
⇔ γ =
NE
Pcr
 (4.4.1)
? 4.4.1?????????????
KrT
KrB
KH
P
h EIc
P???
KH???????
KrT , KrB?????????????
E?????
Ic????? 2??????
h????
? 4.4.1???????????????????????
????? ?????
???? ???
????????
???????
???????
?????????????
????? 4.2) ? ? (4.4.10)
?? 4.7) ? ? (4.4.13)
?? 4.8) ? ? (4.4.15)
? (4.3.37)
? (4.4.3)
????
??????
??????? ? ? (4.3.66)
sway????? ?? 4.5) ? ? (4.4.25) ? (4.3.89)
4 ? 14
〈座屈たわみ角法による座屈条件式〉
?? 4.4.1????????????????????????????????????????
??????????? 3.2.4????????????????????
s+ krT sc −s 1+ c( )
sc s+ krB −s 1+ c( )
krT krB 12kH −ψ
2
= 0  (4.4.3)
????????????????
?? s =
sin ψ( )−ψ cos ψ( ){ }ψ
2 1− cos ψ( ){ }−ψ sin ψ( )
??? c =
ψ − sin ψ( )
sin ψ( )−ψ cos ψ( )
 (4.4.4), (4.4.5)
??ψ = h
P
EIc
= π
P
NE
 (4.4.6)
?? krT =
KrTh
EIc
??? krB =
KrBh
EIc
??? kH =
KHh
3
12EIc
 (4.4.7a ~ c)
??P????
? (4.4.3)???? P???????????????? Pcr??????????????????
????????????
????????
??????????
?
s+ krT sc
sc s+ krB
= 0  (4.4.8)
????                            ?
s+ krT −s 1+ c( )
−sc+ krT s 1+ c( )+12kH −ψ 2
= 0  (4.4.9)
(Kr = KrT = KrB)???? (KrB = 0)????? (4.4.3)?????????????
???????????? 4.1)???????????????????????????????
??? (1.7a)???? (4.4.8)? (krT = 2/GA)??? (krB = 2/GB)??????????????????
?? (1.26)??????????GA, GB???????????????????????????
???????(GA = (Ic /h)/(Ib /l
 ))??????(krT = 2(Ib /l
 )/(Ic /h))????? (4.4.7a)???? krT??
???????? (KrT = 2EIb /l
 )?????????????Ib????? 2????????l??
?????????????????????????????????????????????
?????????????????????????????????????????????
??????????????????????????????????
〈文献 4.2) の式〉
??? 4.2)???????????? 4.1)??????????????????????????
???????? (1.7a)?????????????
γ = 0.5+0.258Ω1 −0.165 Ω1( )
2
+0.0534 Ω1( )
3
+ 0.26Ω1 −0.12 Ω1( )
2
+0.047 Ω1( )
3{ } 1.72Ω2Ω1 −1.33
Ω2
Ω1
⎛
⎝
⎜⎜
⎞
⎠
⎟⎟
2
+0.61
Ω2
Ω1
⎛
⎝
⎜⎜
⎞
⎠
⎟⎟
3⎧
⎨
⎪
⎩⎪
⎫
⎬
⎪
⎭⎪
 (4.4.10)
???????W1, W2??????????????
4 ? 15
Ω1 = tan
−1 max GA,GB( ){ }
Ω2 = tan
−1 min GA,GB( ){ }
⎧
⎨
⎪
⎩⎪
 (4.4.11)
GA = 2 krT
GB = 2 krB
⎧
⎨
⎪
⎩⎪
 (4.4.12)
〈文献 4.7) の式〉
??? 4.7)???????????? 4.1)??????????????????????????
???????? (1.7a)???? 4.4.2????????????????????????????
????????????????????????????????????????? 6???
????????? (4.4.13)??? 4.7)?????????????
γ =
π
330
1679130 GAGB( )
4
+1733400 GAGB( )
3
GA +GB( )+749736 GAGB( )
2
GA( )
2
+ GB( )
2{ }+
50220 GAGB( )
4
+72198 GAGB( )
3
GA +GB( )+37260 GAGB( )
2
GA( )
2
+ GB( )
2{ }+
                  
1642383 GAGB( )
3
+158976GAGB GA( )
3
+ GB( )
3{ }+661869 GAGB( )2 GA +GB( )+
95256 GAGB( )
3
+8904GAGB GA( )
3
+ GB( )
3{ }+ 45819 GAGB( )2 GA +GB( )+
         
13824 GA( )
4
+ GB( )
4{ }+132720GAGB GA( )2 + GB( )2{ }+ 251382 GAGB( )2 +11060 GA( )3 + GB( )3{ }+
848 GA( )
4
+ GB( )
4{ }+10340GAGB GA( )2 + GB( )2{ }+ 20658 GAGB( )2 +940 GA( )3 + GB( )3{ }+
48000GAGB GA +GB( )+8775GAGB +3840 GA( )
2
+ GB( )
2{ }+675 GA +GB( )+50
4416GAGB GA +GB( )+900GAGB +384 GA( )
2
+ GB( )
2{ }+75 GA +GB( )+6
 (4.4.13)
? 4.4.1??????? (4.4.13)??????????? (4.4.12)???? GA, GB?????????
??????????? (4.3.37)????????? 2?? 3?????????????? 4.7)?
??? 1?? 6??????????? (4.4.13)??????????????????
? 4.4.2?????????? (1.7a)??????????
PP
(1/GA)
(1/GB)
(1) (1) ()????
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〈文献 4.8) の式〉
??? 4.2)???????????????????????????????? 4.8)?????
?????? (4.4.14)??????????? 4.8)?????????????????? 4.1)??
???????????????????????????????? (1.7a)??????????
?????????????????????"French Recommendations CM 1966"????????
?????????The same ploblem is analytically formulated by "French Recommendations CM 1966"??
"French Recommendations CM 1966"???????????????????????????????
γ =
3−1.6 1
GA +GB
⎛
⎝
⎜⎜
⎞
⎠
⎟⎟+
0.84
GA +1( ) GB +1( )
3− 1
GA +GB
⎛
⎝
⎜⎜
⎞
⎠
⎟⎟+
0.28
GA +1( ) GB +1( )
 (4.4.14)
? (4.4.14)?? (4.4.12)???????? 4.4.1????????????????????????
????????????????? (4.4.15)??????
γ =
0.43krT krB +1.4 krT + krB( )+6
0.37krT krB + 2 krT + krB( )+6
 (4.4.15)
? (4.4.15)??? (4.3.37)????????????????
〈文献 4.5) の式〉
??? 4.5)????????????????? 4.4.3????????????????????
?????????? 0?????????? sway?????????????????????
??????????????????????? q?? (4.4.16)????
q = Q
R
12EIc
h2
 (4.4.16)
???????????????? P? NE???? (P/NE)????????? q????????
??????????????????
q = qA − κ ʹ′κ +1.64 κ ʹ′κ +0.84
1+ κ ʹ′κ( )
2
P
NE  (4.4.17)
κ =
Ib l
Ic h
??? ʹ′κ =
Ibʹ′ l
Ic h
 (4.4.18a, b)
??? qA? (P = 0)?? q??????????????????????????
qA = 6κ ʹ′κ +κ + ʹ′κ
6κ ʹ′κ + 4 κ + ʹ′κ( )+ 2  (4.4.19)
??????????????????????? (q = 0)???? (P/NE)??? (PS /NE)?????
? (4.4.17)? (q = 0)?????????????????
PS
NE
= qA
1+ κ ʹ′κ( )
2
κ ʹ′κ +1.64+0.84
=
6κ ʹ′κ +κ + ʹ′κ
6κ ʹ′κ + 4 κ + ʹ′κ( )+ 2
⋅
1+ κ ʹ′κ( )
2
κ ʹ′κ +1.64+0.84
 (4.4.20)
? (4.4.20)?????????? 4.1)?????????????????????????????
?????? (1.7b)?????????????PS??????????????????????
???????????sway??????????? (4.4.3)??????????????????
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?? 4.5)??????????? P? q?????????????????????????PS?
qA???????????????
P
PS
+
q
qA
=1  (4.4.21)
??? Q????? 4.4.3????????? (4.4.21)? Q?????????????? sway??
?????????????????????(q = 0)??? (P = PS)?????? 4.5)??????
???????????????????? q??? 0???????? sway?????????
?????
????? (4.4.21)?? 4.4.1???????????????? 4.4.3?????????????
???? (Q = ? KHhR)??????????????????????? (4.4.16)?????? (q = 
? kH)???????????? P??????? Pcr?????? (4.4.21)??????????
Pcr
PS
−
kH
qA
=1  (4.4.22)
? (4.4.22)?? (4.4.19)? (4.4.20)??????????????????
Pcr
NE
= 1+
kH
qA
⎛
⎝
⎜
⎞
⎠
⎟
PS
NE
=
6κ ʹ′κ +κ + ʹ′κ
6κ ʹ′κ + 4 κ + ʹ′κ( )+ 2
+ kH
⎛
⎝
⎜
⎜
⎞
⎠
⎟
⎟
1+ κ ʹ′κ( )
2
κ ʹ′κ +1.64 κ ʹ′κ +0.84
 (4.4.23)
??????????? 4.4.3?????????????????????????
krT =
2×
3E Ib 2( )
l 2
EIc
h
=
6Ib
l
Ic
h
= 6κ ??? krB = 6 ʹ′κ
 (4.4.24a, b)
? (4.4.24)? (4.4.23)?????????????
Pcr
NE
=
krT krB + krT + krB
krT krB + 4 krT + krB( )+12
+ kH
⎛
⎝
⎜
⎜
⎞
⎠
⎟
⎟
6+ krT krB( )
2
krT krB +9.84 krT krB +30.24
 (4.4.25)
? 4.4.3??????????????
P
Q
R
h
l/2l/2
Ib/2
Ib/2
Ib'/2
Ib'/2
P????
Q????
??????????? Q???
???????????????
?????? 4.4.1???????
????????????????
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4.4.2　個材座屈軸力算定式の比較および係数の調節
?????????????????????????????????????????????
???????????????????????? (4.4.8)??????????????????
??????????????????????????? (4.4.3)???????????????
????? kH??????????????? 4.4.1???????????? sway??????
?????????????? kH??????????????????????????????
????????????????
?krT, krB??????????????????????0???????????????????
(4.4.26a), (4.4.26b), (4.4.26c)??? WT, WB? krT, krB???????????? WT, WB?????krT, krB
? 0?????????????????????
ΩT = 0 ~ π 2
ΩB = 0 ~ π 2
⎧
⎨
⎪
⎩⎪
⇒
GA = tan ΩT( )
GB = tan ΩB( )
⎧
⎨
⎪
⎩⎪
⇒
krT = 2 GA
krB = 2 GB
⎧
⎨
⎪
⎩⎪
 (4.4.26a ~ b)
????? (4.4.10)????????? (4.4.27)? W1, W2???????????
Ω1 =max ΩT ,ΩB( )
Ω2 =min ΩT ,ΩB( )
⎧
⎨
⎪
⎩⎪
 (4.4.27)
WT, WB????? 0.01?? 1.57??? 0.01????????? (4.4.8)?????????????
??????????????????? e????????? 4.4.4????? 4.4.4??????
?? (4.4.8)?????????? WT????? 4.4.4(a)?? (4.4.10)?????? 4.2)???????
(b)??? (4.4.13)?????? 4.7)???(c)??? (4.4.15)?????? 4.8)?? ?(d)??? (4.3.37)
?????????????????????????1?? WT??? WB? 0.01?? 1.57???
???????? 4.4.4????????????????? 157??????
?? 4.4.4???4??????????????????????????????????? e?
??????????????????????????? (e > 0)?????????? (4.3.37)?
???????? (4.4.28)????????????????????? (4.4.8)?????????
? 4.4.5????? 4.4.4(a) ~ (c)?? 4.4.5???????? (4.4.28)??? 4.7)?????????
??????????? 4.7)?????????? (4.4.13)??????????????????
???????????? (4.4.28)?????????????????????????????
??????? (4.4.28)?????
a Pcr =
krT +5( ) krB +5( )−15.1+3 aη +
1
aη
⎛
⎝
⎜⎜
⎞
⎠
⎟⎟
krT +7( ) krB +7( )−18.9+17 aη +
1
aη
⎛
⎝
⎜⎜
⎞
⎠
⎟⎟
39.4EIc
h2
 (4.4.28)
????????????? aPcr????????
(krB = ? )        ? a Pcr =
krT( )
2
+9krT + 23
krT( )
2
+11krT + 45
39.4EIc
h2  (4.4.29)
(kr = krT = krB)? a Pcr =
kr( )
2
+10kr +15.9
kr( )
2
+14kr +64.1
39.4EIc
h2  (4.4.30)
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e
WT
WTWT
WT
e e
e
WT
e
(a)?? 4.2)?? (4.4.10) (b)?? 4.7)?? (4.4.13)
(c)?? 4.8)?? (4.4.15) (d)????? (4.3.37)
? 4.4.4?????????????????????????? (4.4.8)???????
? 4.4.5???????????? (4.4.28)????????? (4.4.8)????
e?? (4.4.8)???????????????????
??????????????????????
e = -0.07 ~ 0.95 %
e = 0.01 ~ 0.49 %
e = -3.72 ~ -0.44 %
e = -0.51 ~ 1.38 %
e = -0.15 ~ 0.00 %
WT?????????????
(krB = 0)          ? a Pcr =
3 krT( )
2
+18.73krT +33.18
11 krT( )
2
+90.05krT + 250.7
39.4EIc
h2  (4.4.31)
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4.4.3　座屈たわみ角法による座屈条件式と提案式の比較
?? (4.4.3)???????????????????????? (4.4.25)?????? 4.5)????
?????????????? krT , krB , kH??????????????????????????
kr??????????????????????? 3????????3.3??????????
????????? 3.3.1????????kr???????????????
kr?????? kr =
3
2
β
α
 (4.4.32a)
kr?????? kr =
6β
α
 (4.4.32b)
? (4.4.32a)?? 4.4.6(a)??????????????????????????????????
?????????????????????????????????????????????
??????? (1/2)????????????????? (4.4.32b)?? 4.4.6(b)?????????
sway?????????????????????????????????????? (1/2)??
???????????? (4.4.32a)? kr???????? (4.4.32b)????????? 4.9)??????
? (4.4.32a)???????????????????????? (b/a = 0.28)???????(kr = 0.42)
????????????? (4.4.32b)? (b/a = 0.8)?????? (kr = 4.8)????????????
?????(b/a = 0.4)????? (4.4.32a)?? (4.4.32b)???????? (kr = 1.5)?????
?? 4.4.7 ~ 4.4.9??????????????? 4.5)?????????? 4.4.7????????
???????????????? 1.5?????? 4.4.8????????? 4.4.9???????
????? 4.4.7 ~ 4.4.9? (a)?????????????????(b)?????????????
q
q
q
q
q
Ib /2Ib
Ib
Ic
Ib
Ib
Ic
Ib
Ib
Ib /2 Ib /2
l
l
l l
ll
h
h
????????????????????????
????????????????????????
?? Kr =
6E Ib 2( )
l
× 2
????????? Kr =
3E Ib 2( )
l
????
? 4.4.6?????????????????
(b)?????? sway??????
(a)??????????????
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0.0  
0.5  
1.0  
1.5  
0 1 2 3 4 
? 4.4.7?3????????????? (4.4.3)???? (4.4.25)????????????
 ?? ?????????????????? (4.4.28), (4.4.29), (4.4.31)???????
 ?? ?????????????????? (4.3.66), (4.3.67), (4.3.71)???????
 sway ??????? sway????????? (4.3.89), (4.3.90), (4.3.94)???????
kH
Pcr /NE
sway
??
??
0.0  
0.5  
1.0  
1.5  
2.0  
0 1 2 3 4 
kH
Pcr /NE
sway
??
??
0.0  
0.5  
1.0  
1.5  
2.0  
2.5  
0 1 2 3 4 
kH
Pcr /NE
sway ??
(a)?????????
?krT = 0.42, krB = 0.63?
(b)??????????
?krT = 1.5, krB = 2.25?
(c)?????????
?krT = 4.8, krB = 7.2?
????
?? (4.4.3)??
?? (4.4.25)
0.0  
0.5  
1.0  
1.5  
2.0  
2.5  
0 1 2 3 4 
? 4.4.8?3????????????? (4.4.3)???? (4.4.25)??????????
kH
Pcr /NE
sway ?? ??
0.0  
0.5  
1.0  
1.5  
2.0  
2.5  
0 1 2 3 4 
kH
Pcr /NE
sway ?? ??
0.0  
0.5  
1.0  
1.5  
2.0  
2.5  
3.0  
0 1 2 3 4 
kH
Pcr /NE
sway ?? ??
(a)?????????
?krT = 0.42?
(b)??????????
?krT = 1.5?
(c)?????????
?krT = 4.8?
0.0  
0.2  
0.4  
0.6  
0.8  
1.0  
1.2  
0 1 2 3 4 
? 4.4.9?3????????????? (4.4.3)???? (4.4.25)??????????
kH
Pcr /NE
sway ??
0.0  
0.2  
0.4  
0.6  
0.8  
1.0  
1.2  
1.4  
0 1 2 3 4 
kH
Pcr /NE
sway
??
0.0  
0.2  
0.4  
0.6  
0.8  
1.0  
1.2  
1.4  
1.6  
0 1 2 3 4 
kH
Pcr /NE
?? ??
(a)?????????
?krT = 0.42?
(b)??????????
?krT = 1.5?
(c)?????????
?krT = 4.8?
 ? (4.4.3) ???????????????????????????????????
 ? (4.4.25) ??? 4.5)??????? sway??????????????????????
?? ?? sway
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???(c)????????????????????????????????????? kH??
?????????????? Pcr? NE???????????????????????????
?????sway??????? 3??????????????????? Pcr?????????
?????????????????????? ?sway??? ?? ??? ?? ? ??????????
????? (4.4.3)??????????????????? (Pcr = ...)??????????????
?????????????????????????????kH? 0.04????????(kH = 0 ~ 4)
???? 100???????????????????????????????? 4.5)?????
?? sway?????????????????????
?? 4.4.7??????????????????????? (4.4.3)???????(c)??????
???????????????????? sway??????????????????????
? (4.4.3)?????????+ 4.0 %???????(c)?????????????????????
?? 4.4.8???????????? 4.4.9??????????????????????????
?????????? (4.4.3)?????????????????????? 4.4.8(a)??????
????????????????????????? 4.4.9(c)????????????????
??????? 4.4.8(a)??????? (4.4.3)??????? + 15.9 %??? 4.4.9(c)??????
? (4.4.3)??????? + 14.4 %??????????????????????????? (4.4.3)
???????????????????????????????? 2?? 3?????????
?????????????????????????????????????????????
???????????????????????????????????
??? 4.5)??????? sway????????????????? (4.4.25)???????? sway
????????????????????? 4.4.7??????????????????? 4.4.9
????????????????????????????? 4.4.8(c)????????????
?????????????????????????????????????? (4.4.3)????
?????? (4.4.25)????????????????sway??????????? (4.4.25)??
?????????????????????????????????????????
????? (4.3.71)???????????????????????? krT???????????
krT? 0.42, 1.5, 4.8????????????????????????????
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4.5　多層多スパン骨組中の柱の弾性座屈軸力算定手法の提案
4.5.1　回転バネ剛性の評価方法
?????????????????????????????????????????????
??? 4.4.1??????????????????????????????????????????
?????????????????????????????????????????????
?????? 4.5.1??????????? 4.5.1???????????????????????
???
? 4.5.1?????????????
KrT
KrB
KH
P
h EIc
P???
KH???????
KrT , KrB?????????????
E?????
Ic????? 2??????
h????
?? 4.5.1??????????????? KrT, KrB??????????????????????
??????????????????? KrT_beam, KrB_beam?????????? KrT_column, KrB_column????
KrT, KrB??????????????????
KrT = KrT _beam + KrT _ column  (4.5.1a)
KrB = KrB_beam + KrB_ column  (4.5.1b)
????KrT, KrB?? 4.5.1?????????????????
????KrT_beam, KrB_beam???????????????????????????
????KrT_column, KrB_column??????????????????????????????
??????????? KrT_beam, KrB_beam???????? aPcr?????????? 4.5.2?????
??????????????? KrT_beam, KrB_beam?? (3EIb /l ~ 4EIb /l )???????????? 2?
????????????? 2???????????????????????????????
??????????????????????????????(2EIb /l )???????????
????????????????????sway???????????????????????
?????sway???? cPcr?????????? 4.5.3?????????????KrT_beam, KrB_beam
?????????????????????????? (6EIb /l )??????????? bPcr??
???????? 4.5.2?? 4.5.3???? KrT_beam, KrB_beam???????????????????
??????????????????????????????????????
???????????? KrT_column, KrB_column???????? aPcr?????????? 4.5.2???
??????????????????????????? (4.5.2)???????????? (4.5.3)
??????????????? bPcr????????????????sway???? cPcr????
???????????????????? sway??????????????? sway?????
??????????? 4.5.3???????????????? (4.5.4)???? sway??????
KrT_column, KrB_column??????
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????????????????
?? KrT _beam =
3EIbT
l
????????????
???? ? ? (4.5.2)
????????????
??? ? ? (4.5.3)?? KrB_beam =
4EIbB
l
???????????????
hB
h
hT
l
EIcB
EIcT
EIbT
EIbB
hB
h
hT
l
EIcB
EIcT
EIbT
EIbB
KrT _beam =
6EIbT
l
KrB_beam =
6EIbB
l
q
q
? ? (4.5.4)
? 4.5.2???????????????????????????????????
?????
?????
? 4.5.3??????????????sway????????????
   KrT_beam , KrB_beam ?????????????????? 1??????
KrT_column , KrB_column ????????????????
                 IbT , IbB ????????????????????? 2??????
                           l ???????????????
             Ic , IcT , IcB ???????????????? 2??????
              h, hT , hB ??????????????
??????????????????????? ?
? KrT _beam =
2EIbT
lqq
? ? (4.5.4)
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??????????????? Kr T or B( )_ column =
ψ 2 sin ψ( )
sin ψ( )−ψ cos ψ( )
EIc T or B( )
h T or B( )
 (4.5.2)
??????????????? Kr T or B( )_ column =
ψ sin ψ( )−ψ cos ψ( ){ }
2 1− cos ψ( ){ }−ψ sin ψ( )
EIc T or B( )
h T or B( )
 (4.5.3)
sway????????????? Kr T or B( )_ column =
ψ
tan ψ( )
EIc T or B( )
h T or B( )
 (4.5.4)
?????????y?????????
??????ψ = π
κ T or B( )Pcr
NE T or B( )
 (4.5.5)
Kr(T or B)_column??????????????????????KrT_column, KrB_column
Ic(T or B)??????????????????? 2???????IcT, IcB
h(T or B)????????????????????hT, hB
k(T or B)?????????????????????????kT, kB
Pcr?????????????
NE(T or B)??????????????? NE
?? 4.5.4????? (k(T or B)Pcr)?? (4.5.2)???????????? (k(T or B)Pcr)????? (4.5.2)?
(EIc(T or B)/h(T or B))???????????????(k(T or B)Pcr ≈ 2.04)????????????????
?????????????????????????????????????????????
????????????????? (4.5.2)?????? (k (T or B)Pcr < 2.04)???????? (4.5.3)
? (k(T or B)Pcr < 4)?? (4.5.4)? (k(T or B)Pcr < 1)???????????????????????????
KrT_column, KrB_column???????? KrT, KrB????????????? (4.5.1)????????? 4.5.1
??????????????KrT, KrB?????????????????????????? 4.5.5
???? (4.5.2) ~ (4.5.4)? (EIc(T or B)/h(T or B))???????????????????? KrT_column, KrB_
column???????????????KrT, KrB??????????????KrT, KrB???????
?????????????????????????????????????????????
?????????????????????????????????????????????
-10 
-5 
0 
5 
10 
0 1 2 3 4 5 
k(T or B)Pcr
Kr T or B( )_ columnh T or B( )
EIc T or B( )
k(T or B)Pcr???????????
Ic(T or B)????? 2??????
h(T or B)?????
Kr(T or B)_column??????? (k(T or B)Pcr)????
??????????????
????????? (4.5.2)
k (T
 o
r B
)P
cr
 =
 2
.0
4 ?? (4.5.2)/(EIc(T or B)/h(T or B))
?? (4.5.2)?????k(T or B)Pcr = 2.04?
? 4.5.4???????????????????
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??????????????????????????????????????????? 3?
?????????????????????????????????????????????
?????????????????????????????????????????????
????????????????????????????????????????????
?????????????????????????????????????????????
?????????KrT, KrB???????????? KrT_beam, KrB_beam? (1/2)???????? KrT?
?????????????????????????????????????????????
?????????????????????????????????????????????
??? (1/2)???????????????? 3????????????????????????
???????????????????????????????????? (k (T or B)Pcr)????
?? (4.5.2) ~ (4.5.4)????????????KrT, KrB????????????KrT_beam, KrB_beam? (1/2)
?????
?
-4 
-3 
-2 
-1 
0 
1 
2 
3 
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0 0.2 0.4 0.6 0.8 
k(T or B)Pcr
k(T or B)????????????????????????
Pcr?????????????
Kr(T or B)_column??? (k(T or B)Pcr)??????????????
?? (4.5.2)
k(T or B)Pcr
?? (4.5.3)
k(T or B)Pcr
?? (4.5.4)
? 4.5.5???????????????????
(a)?????? (b)???????????
(c)??????????
Kr T or B( )_ columnh T or B( )
EIc T or B( )
Kr T or B( )_ columnh T or B( )
EIc T or B( )
Kr T or B( )_ columnh T or B( )
EIc T or B( )
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4.5.2　水平バネ剛性の評価方法
??????? KH?????????
KH = KH 0 +
Pcr
h
 (4.5.6)
??KH0?????????????????????????????????
??Pcr????????????
??h??????????
KH0???????????????????????????????????????????
? 4.5.6????????????? Qs???????????????????????? KH0?
?????
KH 0 =
ΣQ
δ
×
ΣQ −Qs
ΣQ
=
ΣQ −Qs
δ
 (4.5.7)
??SQ?????????????????
??Qs???????????????
??d????????????????
?? (4.5.6)??? 2????????????????????????????????????
????????????????? 0?????????????????? Pcr???????
?????????????????????? Pcr?????????? (4.5.6)????????
?????????????????????????????????????????? (4.5.6)
?????????????? 4.5.7??? L????????????????????????
???????????????????? CLAP.f?????????????????????
????????????????? P????????????? H?????H???????
??????????????? KH????? 4.5.8?????????????????? KH?
(12EIc/h
3)????????????????????P?NE???????????????? (4.5.6)
? Pcr? P???????????????????????????KH0? (P = 0)???????
??????????? 4.5.8???? 5??????????? (4.5.6)????????????
????? (P/NE = 2.34)?? (?5.7 %)????? 4.5.8?? (P/NE = 2.5)?????????????
(4.5.7)??????????????????????????????????????????
????
SQ = Q1 + Q2 + Q3 + Qs
SQ
Q1 Q2 Q3 Qs
SQ?????????????????
Q1 ,Q2 ,Q3 ,Qs????????????
d????????????????
? 4.5.6?????????????????KH0?????????
d
?????
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0.0  
1.0  
2.0  
3.0  
0.0  1.0  2.0  3.0  
???i = 1?
??
No
Yes
KrT = KrT_beam /2
KrB = KrB_beam /2
aPcr(0)???
???? ????
aPcr(i)???
i = i  + 1
(aPcr(i) ? aPcr(i-1))/aPcr(i-1)??????
aPcr(i) = (aPcr(i) ? aPcr(i-1))/2
KrT , KrB (, KH)???
???????????? aPcr(i-1)??????
i???????
? 4.5.8?L?????????????????????
? 4.5.7?????????????? L?????
P Hd
kH = KH/(12EIc/h
3)
P/NE
????????? ?KH = H/d
(P = 0)?????????????? ?KH0 = 17.47 (kN/mm)
???? ?E = 205 (kN/mm2)
???? ?Ac = 9.000 ? 10
4 (mm2)
??? 2?????? ?Ic = 6.750 ? 10
8 (mm4)
???? ?Ab = 10.26 ? 10
4 (mm2)
??? 2?????? ?Ib = 8.775 ? 10
8 (mm4)
???? ?h = 4000 (mm)
???? ?l = 3000 (mm)
NE = p2EIc / h2 = 8.536 ? 104 (kN)
P?????
H?????
d????????
????????
    ???????? (4.5.6)??
材端バネ剛性の評価方法
??????? KrT , KrB?4.5.1?
??????? KH?4.5.2?
????????????? (4.5.8)
各座屈モードに対する提案式
??????? aPcr?? (4.4.28) ~ (4.4.31)
??????? bPcr?? (4.3.66), (4.3.67), (4.3.69), (4.3.71)
?sway???? cPcr?? (4.3.89), (4.3.90), (4.3.92), (4.3.94)
? 4.5.9???????????????????????????
????????????????
? (4.5.9), (4.5.10)?????
? bPcr , cPcr???????????? aPcr(0)????
???aPcr(0)?KrT = KrT_beam /2?KrB = KrB_beam /2???
???? aPcr
?????????bPcr , cPcr????
????? aPcr? bPcr???? cPcr?
??????
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4.5.3　提案式を用いて骨組中の柱の弾性座屈軸力を算定する手順
?4.5.1?? 4.5.2????????????????????????????? Pcr????????
??????????????????????????????????? 4.3?? 4.4.2????
???????????(Pcr = ...)??????????????????????????????
????????????? 4.5.9??????????????????????????? (KrT = 
KrT_beam /2)???? (KrB = KrB_beam /2)?????????????????????? (4.4.28)????
????????? aPcr(0)?????? aPcr(0)????????????????????? KrT_column 
, KrB_column?????????????????????? aPcr(1)?????????aPcr(1)? aPcr(0)?
?????????????????????????????????????????????
?? aPcr(2)????????????i????????? aPcr(i)? aPcr(i-1)????????????
???????????? aPcr?????????? bPcr???? sway???? cPcr???????
???????????? KH?????????????bPcr???? cPcr???????????
aPcr(0)???????????? aPcr , bPcr , cPcr????????????? Pcr??????????
????????????????????????????
krT =
KrTh
EIc
? krB =
KrBh
EIc
? kH =
KHh
3
12EIc
 (4.5.8a, b, c)
?????????Ic , h?????????????????
? 3??????????????????????????????????????? h???
??????? hT , hB?????????????? Pcr(i-1) , kTPcr(i-1) , kBPcr(i-1) ???????????
????????????? h', hT', hB'??? htension???????? Pcr(i)????????? (4.5.6)
?? h??????????????????????? (4.5.6)??? htension?????
ʹ′h = h 1−
Pcr i−1( )
EAc
⎛
⎝
⎜
⎜
⎞
⎠
⎟
⎟?
ʹ′hT = hT 1−
κT Pcr i−1( )
EAcT
⎛
⎝
⎜
⎜
⎞
⎠
⎟
⎟?
ʹ′hB = hB 1−
κBPcr i−1( )
EAcB
⎛
⎝
⎜
⎜
⎞
⎠
⎟
⎟  (4.5.9a, b, c)
htension = h 1+
Pcr i−1( )
EAc
⎛
⎝
⎜
⎜
⎞
⎠
⎟
⎟  (4.5.10)
??Ac, AcT, AcB???????????
4.5.4　骨組の数値解析結果と提案手法の比較
?????????????????????????????????????????????
????? 2??????????????????????????????????????
?????????????????????????????? Pjcr???????? k j????
????????????????????? j???????????????????????
?????????k j???????? 1??????????????????(Pjcr /k j )????
?????????? kj???? 0???????????????????? Pjcr?????????
?? 4.5.10?? 4.5.11???2.4??????????????????????????????
?????????????????????????????????? KrT_beam , KrB_beam?? 4.5.2
??????? (3EIb /l)???? (4EIb /l)?????2.4????????????????????
?????????????????????????????????? 1????? (3EIb /l)?
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????????????????? (4EIb /l)?????? 4.5.2???????? (3EIb /l)????
??????? (4EIb /l)????????????????? 2?????????????? KrB_
column??? (4.5.3)?????????????????????????????????????
KrT_column , KrB_column??? (4.5.2)????????????????????????? [(Pcr(i) ? Pcr(i-1))/
Pcr(i-1) ? 0.02]????? 4.5.10, 4.5.11?????????5???????????????????
???????? 1 ~ 4???????????????????????
?? 4.5.10????????????????????????????????????? 4.2)?
??????????????????????? 4.2)????????????????????
?????????????????????????????????????????????
?????????????????????????????????????????????
?????????????? 4.5.11????????????????????????????
????????????????????????? 3???????????????????
??? 1?????????????? 3??????????????????????????
???
?????????????????????????? 1???????? NE????????
??? 4.5.10?? 4.5.11? (a)?? (d)?????????? (b/a = 0.4)? n? 2?????????
??????????? 2??? 2.4.1???? Series A????(a)?????????? (d)???
????????????????? n????? 4.5.10?? 4.5.11? (b)?? (e)????????
?? (b/a = 0.4)? 5? s???????????????????? 2??? 2.4.1???? Series B
????(b)?????????? (e)?????????????????????? s?????
4.5.10?? 4.5.11? (c)?? (f)?????????? (b/a)???? 5? 2???????????
????????? 2??? 2.4.1???? Series C????(c)?????????? (f)?????
????????????? (b/a)??????????????????????? 1?????
??? eig.N1cr? NE????????????????????????? 1???????? N1cr?
NE?????????????????????????????? 0.2????????????
???????????????????????(Pjcr /kj )?????????????? Pjcr???
?????????? 1???????????????????????????????? Pjcr
??????????????????? Pjcr????????? sway???????? Pjcr???
???????+?????????????????????????? Pjcr? k j ???????
???????????? Pjcr?????????????? 1????????????????
???? 4.2)??????????????????????
?? 4.5.10????????????????????????????????????????
?????????????????????????????????????????? 4.5.10(d)
????????? (b/a =0.4)? 2? 2??????????????????? +8.9 %?(f)???
??????? (b/a = 1.6)? 5? 2?????????? + 9.5 %???????????????
??? (-6.7 ~ +5.1 %)???????? 4.5.10??????????????????????????
??????????????????????(e)?????????? (b/a = 0.4)? 5? 1???
??????????????????????????????????????????????
??????????2?????????? 1???????????????????????
?????????? 4.5.10????? 4.2)?????????????????????????
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sn
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b/a
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sn
(d)???? n? 2????? (e)???? 5? s????? (f)???? 5? 2?????
b/a
? 4.5.10?????????????? 4.2)??????????????????????????
? 4.5.11????????????????????????????????????????
P1cr??????????? 4.2)?????????????????? 1??????
eig.N1cr???????????????? 1?????????? 2????
N1cr???????????????? 1?????????? 2????
NE??????????????????????
n???  s????? b/a????????
(P1cr /NE ) or (eig.N1cr /NE ) (P1cr /NE ) or (eig.N1cr /NE )
(P1cr /NE ) or (eig.N1cr /NE ) (P1cr /NE ) or (eig.N1cr /NE ) (P1cr /NE ) or (eig.N1cr /NE )
(P1cr /NE ) or (eig.N1cr /NE ) (P1cr /NE ) or (eig.N1cr /NE )
(P1cr /NE ) or (eig.N1cr /NE ) (P1cr /NE ) or (eig.N1cr /NE ) (P1cr /NE ) or (eig.N1cr /NE )
(b/a =0.4)???? (b/a =0.4)????
(b/a =0.4)???? (b/a =0.4)????
(b/a =0.4)???? (b/a =0.4)????
(b/a =0.4)???? (b/a =0.4)????
?????????
?????????
?????????
?????????
??????sway?
??? 4.2)???
?????
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????????????????????????????????????(e)????? 1??
????????????????????????????????
?? 4.5.11????????????????????????????????????? ?10 %
????????????????????????????????????????????
4.5.11(a)???????? n? 2??????????????????????????????
???????????????? 1???? 3?????????????? 2??? 2.4.3??
????????????????? (Pjcr /k j )????????????????????????
????1 ~ 3????? 1????5 ~ 10????? 2????15????? 3?????????
???? 4.5.11(e)???????? 5? s???????????? 1???? 2????????
?????????????????????????????????????????????
???????? 4.5.11(f)???????? (b/a = 0.1)? 5? 2????????????????
sway??????????????????????????????????????????
???????? 1????????????????? 2?????? 4.5.3???? S????
????????????????????????????????? sway??????????
? 4.5.11???? 3?????????????????????? 1?????????????
????????????????????????????? 1???????????????
?????????????? (1/2)????????????????????????????
???????????????? 4.5.11??????????????????????????
?????????????????????????????????????????????
??????????10 %?????????????????????????????
4.5.5　実建物の柱の設計における提案手法の利用法
?????????????????????????????????????????????
??????????sway? 3???????????????????????? 5??????
?????????????????????????????????????????????
?????????????????????????3.2.3??????????????????
???????? sway??????????????????????? aPcr??????? bPcr?
???????????????????? Pcr???????? 3.3.2(b)?? 3.3.6(b)??????
?????????????????????????????????????????????
???????????????????????????? 3.3.6(b)???? gnon???????
?????????????????????????????????????????????
????????????????????????????????????? (h/i)??????
?? (b/a)?????????????????????????? sway????????????
???????????????????????????????? 3.3.2(b)???? sway????
?????????????????????sway?????? cPcr???????????? 3.3.7
? 3.3.9????????????????????????????????? sway??????
?????????????????????????????????????????????
????????????????????? (h/i > 18)???????????? (h/i > 20)???? (b/
a < 0.2)??????????????????sway?????? cPcr?????????????
? i??? 2???????????????????????????????????????
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(a)???? n? 2????? (b)???? 5? s????? (c)???? 5? 2?????
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sn
(d)???? n? 2????? (e)???? 5? s????? (f)???? 5? 2?????
b/a
? 4.5.12?????????????????????
(b/a =0.4)???? (b/a =0.4)????
(b/a =0.4)???? (b/a =0.4)????
(P1cr /NE )
 or (eig.N1cr /NE )
 or (N1cr /NE )
(P1cr /NE )
 or (eig.N1cr /NE )
 or (N1cr /NE )
(P1cr /NE )
 or (eig.N1cr /NE )
 or (N1cr /NE )
(P1cr /NE )
 or (eig.N1cr /NE )
 or (N1cr /NE )
(P1cr /NE )
 or (eig.N1cr /NE )
 or (N1cr /NE )
???????? 4.5.12??????????????? 4.5.10, 4.5.11?????????????
?????????????????????????????????????????????
?????????????????????????????????????????????
???????? 4????
?? 4.5.13???2.5?????????????? 2.6????????????????????
?????????????????????????? 4.5.4????????????????
?????????(a)??????? 5? 2??????????? 1?????????????
?????????? 2.5?????????????????????????????????
?????????????????????????????????????????????
??????? 1???????? NE??????????????2???? 2???????
???????????????????????????? (N1cr /NE)?????????????
(eig.N1cr /NE)????????????? (P1cr /NE)????(Pjcr /kj )????????????? 1??
??????????????????????????????????? 4.5.13(a)???2??
???? 3????????????????????????????????????????
?????????????????????????????????????????????
???????? 2.5.3? 2.5.4? (c), (d)???????????????????????????
?????????????????????????????????????????????
????????? 4.5.5??????????????????????
?????????
?????????
?????????
?????????
??????sway?
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1????? (51A20B04fix)
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lR /lL
(c)????????? 1????????
?????? 5? 2??????
0.0  
0.5  
1.0  
1.5  
2.0  
2.5  
  ????
???
??
(a)?????????? 1????????
?????? 5? 2??????b/a =0.2?
??? ????????? 0.0  
0.5  
1.0  
1.5  
2.0  
2.5  
3.0  
3.5  
  ????
?????
(b)?????????? 1????????
?????? 5? 2??????b/a =0.2?
??? ?????????
(P1cr /NE )
 or (eig.N1cr /NE )
 or (N1cr /NE )
(P1cr /NE )
 or (eig.N1cr /NE )
 or (N1cr /NE )
(P1cr /NE )
 or (eig.N1cr /NE )
 or (N1cr /NE )
????? ????
? 4.5.13??????????????????????
lR????????
lL????????
???????????????? 0.2??
???????????? 0.2/(lR /lL)
?????????????????????????????????????????????
??? 4.5.13(b)?????? 5? 2??????????? 1?????????????????
?????? 2.5????????????????????????????????????2, 3, 
4????????????????????????????????????????????
?????????????????????????????????????????????
??????(c)??????? 5? 2????????????????????????????
??????? 2.6???????????????? lL ???? lR???(lR /lL)?????? 7?
?????1???????????????lL? 4 (m)??????????????????? 0.2
??????????????????????????????????????? (0.2/(lR /lL))?
???(lR /lL ? 1.5)???????????????(lR /lL ? 2.0)?????????????????
??????????????????????(lR /lL ? 1.0)???????????????????
?????????????????????(lR /lL)?????????????????????
??????????(lR /lL = 1.0)?? 1.5??????????????????????????
????????? 4.5.5?????
?????????????????
?????????
?????????
?????????
?????????
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????????????(lR /lL = 1.25, 1.5)?????????????? 0.2??????????
??????????????????(lR /lL ? 1.25)?????????? 2.6.6(d)????????
?????????????????????????????????????????????
?????????????????????????????????????????????
?????????????????????????????????????????????
?????
4.6　結
???????????????????????????????????????????sway
?????? 3??????????????????????????????????????
?????????????????????????????????????????????
?????????????????????????????????????????????
????????sway????????? S?????????????????????????
?????
?4.2???????????????????????
?4.3????3?????????????? 3????? 4?????????????????
???????????????????????????????
?4.4????4.3?????????????????????????????????????
??????????????????????????
(1)?????????????? 4.3??????????????????????????
?????????????????????????????????
(2)??????????sway???????? 3????????????????? sway?
??????????????????????????????????????
?4.5??????????????????????????????????????????
????????????????????? 2?????????????????????????
?????????
(3)???????????????????????????????????????????
??????????????????????????????????????????
????????????????????????2.5?????????????????
????????????????
(4)??????????????????????????????????????????
??????????????????????????????????????????
??????
(5)???????????????? 5? 2???????????????????????
??????????????????????????????????????????
??????????????????????????????????????????
??????????????????????????????????????????
??????????????????????????????????????????
??????????????????????????????????????????
?????
4 ? 36
参考文献
4.1)  ?????????????????8.2.2? ?????????????pp261 - 266, 2009.11
4.2)  ? ????? ????????????????????????????????????????
???????????No.661?pp.675 - 684?2011.3
4.3)  ?? ???? ????????????????????????????????????????
????No.557?pp.161 - 166?2002.7
4.4)  ??? ?????? ??????????????????????????????????????
No.633?pp.2009 - 2017?2008.11
4.5)  ?????????????????????????????No.567?pp.133 - 139?2003.5
4.6)  ???????????????? ??????????2010.2
4.7)  ????????????????????????????????????????????
No.553?pp.129 - 134?2002.3
4.8)  G.ballio, F.M.Mazzolani : theory and Design of steel Structures, 1983
4.9)  ??????????????????????2007.6
5 – 1
第5章　結論
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A1 – 1
付録1．前載荷重を受ける構造物の線形座屈解析
??????????????????????????????????????
K⎡⎣ ⎤⎦+λ K0
G⎡
⎣
⎤
⎦( ) Δu{ }= ΔP{ }  (A1.1)
????
?[K ] ???????????????????????????????????????
?[K0
G ] ?????????????????????????????????
????????????????????????????????????????????
　l	 ????????????????????????
?{Du} ?????
?{DP} ?????
????????????? ({DP} = {0})????????? ({Du} = {0})???????????
?????????? (A1.1)??????????????????????l???????????
{Du}??????????
K⎡⎣ ⎤⎦+λ K0
G⎡
⎣
⎤
⎦( ) Δu{ }= 0{ }  (A1.2)
??????????????????????????????? (A1.2)???? l????
K0
G⎡
⎣
⎤
⎦+
1
λ
K⎡⎣ ⎤⎦
⎛
⎝
⎜
⎞
⎠
⎟ Δu{ }= 0{ }  (A1.3)
?????? [K ]-1/2?????
K⎡⎣ ⎤⎦
−
1
2 K0
G⎡
⎣
⎤
⎦+
1
λ
K⎡⎣ ⎤⎦
−
1
2 K⎡⎣ ⎤⎦
⎛
⎝
⎜⎜
⎞
⎠
⎟⎟ Δu{ }= 0{ } → K⎡⎣ ⎤⎦
−
1
2 K0
G⎡
⎣
⎤
⎦+
1
λ
K⎡⎣ ⎤⎦
1
2
⎛
⎝
⎜⎜
⎞
⎠
⎟⎟ Δu{ }= 0{ }  (A1.4)
????[K ]-1/2[K ]1/2 = [I ]?????????????
K⎡⎣ ⎤⎦
−
1
2 K0
G⎡
⎣
⎤
⎦ K⎡⎣ ⎤⎦
−
1
2 K⎡⎣ ⎤⎦
1
2 +
1
λ
K⎡⎣ ⎤⎦
1
2
⎛
⎝
⎜⎜
⎞
⎠
⎟⎟ Δu{ }= 0{ } → K⎡⎣ ⎤⎦−λ I⎡⎣ ⎤⎦( ) Δu{ }= 0{ }  (A1.5)
????
? K⎡⎣ ⎤⎦= K⎡⎣ ⎤⎦
−
1
2 K0
G⎡
⎣
⎤
⎦ K⎡⎣ ⎤⎦
−
1
2?????? (A1.6)
? Δu{ }= K⎡⎣ ⎤⎦
1
2 Δu{ }  (A1.7)
? λ = −
1
λ
 (A1.8)
? (A1.5)?????????????
K⎡⎣ ⎤⎦ Δu{ }= λ Δu{ }  (A1.9)
? (A1.5)? (A1.9)?????????????????????????????????? l??
????? {Du}????????????? [K ]????????????????????????
???? (A1.8)????? (l = ?1/l)????????????? (A1.7)????? ({Du} = [K]-1/2{Du})
????????? {Du}??????
A1 – 2
???????? CLAP.f?????????????????????????????????
????? 1???????????????????????????????????????
?????????????????????????????????????????????
?????????????????????????????????????????????
?????????????????????????????????????????????
?????????????????????????????????????????????
?????????????????????????????????????????????
?????????????????????????????????????????????
?????????????????????????????????????????????
?????????????????????????????????????????????
????????????????
????????????????????????3??????????????????????
?????????????????????????????????????????????
???????????????????????????????????????????????
????????????? (A1.1)??????????????????????? 3?????
?????????????????????????????????????????? 1???
?????????????????????????????????????????????
?????????????????????????????????????????????
?????????????????????????????????????????????
??????????????????????????CLAP.f????????????????
?????? Jennings???????????????????? 1??????????? 2????
?????????? 3???????????????????? 3?????????????
????????????????????????????????
(i)??????????????????
??? 11???EA/l0????? 22, 33???4EI/l0????? 23, 32???2EI/l0
(ii)?????????????????????????????????????
??? 12, 21???(4qi ? qj)EA/30??  ? 13, 31???(? qi + 4qj)EA/30
??? 22???(16qi2 ? 8qiqj + qj2)EAl0 /900?? ? 23, 32???(? 4qi2 + 17qiqj ? 4qj2)EAl0 /900
??? 33?? (qi2 ? 8qiqj + 16qj2)EAl0 /900
(iii)?????????????????
?????????????????????????????????????????????
??? 22, 33???2EAu/15 + 2(2qi2 ? qiqj + 2qj2)EAl0 /450
??? 23, 32???? EAu/30 ? (2qi2 ? qiqj + 2qj2)EAl0 /900
 ???? E????????????A?????????I??? 2??????
  l0????????????u??????
  qi???????????????????????
  qj???????????????????????
????????????????? 1???????????????????????????
???? 3?????????????????????????????????????????
???????? 1????2EAu/15?? EAu/30?????????????????
A2 – 1
付録2．部材の要素分割数が数値解析結果に与える影響
???????????????????????????? CLPA.f???????CLAP.f???
?????? 3????????????????????????????? 5????????
?????????????????????????????????? 10?????????
??????????????????? 2????????? 1?52A15B06fix?????????
??? 2.4.1(a)??????????? 1?????????? 5???????????????
????????????? (? 2.2.2??????????????????10?????????
??????? A2.1????5????????????? 2.3.4?????????????
?? A2.1(a), (b)?????????????????????????? Ni? NE????????
??i?????NE??????????????????????????(a)????? i???
????????? d i ????? h????????(b)????? i?????????? Ri??
??????????????(Ni /NE ? di /h)??????????? 0.2?????????????
?????????? Nicr? NE???????????????????????????????
????????? eig.Nicr? NE???????????????????? 5???????????
??? 10??????????????????????????(a), (b)???????????
??????????????????2??????????????????????????
?????????????????????????(c), (d)?????????????????
???????????????????????????????????????2?????
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(d)?????????
?(a), (b)?????????
(c)???????????
? A2.1????????????????????
??             ???????????????????????? 1?
??????????
?Ni ?i???????
?di ?i????????
?Ri ?i????????
?h ?????
?  ?   ??????????????
di /h
Ni /NE
Ri
Ni /NE
eig.N1cr /NE
eig.N2cr /NE
(a)?????????
???????????
(b)?????????
???????????
N1cr /NE
N2cr /NE
eig.N1cr /NE
eig.N2cr /NE
N1cr /NE
N2cr /NE
???5??
???10??
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
??????????
?eig.Nicr ?????? i???????
?NE??????????????????????
A2 – 2
? A2.1(a), (b)???????????????????????????????????????
?????????????????????????????????????????????
???????????????????????????????? 5???? 10??????
?????????????????????????
A3 – 1
付録 3．剛床仮定のモデル化の違いが数値解析結果に与える影響
− 梁の軸剛性をほぼ剛にするモデルでの比較 −
???????????????????????????? CLPA.f?????????????
?????????????????????????????????????????????
?????????????????????????????????????????????
?????????????????????????????????????????????
?????????????????????????????????????????????
????????????????? 2?????? Ib????????????????????
?????? (F = 235 kN/mm2)????FA?????????????H????????AbH???
?? 104???????? Ab???????H?????????? (2:1)???????????
?????????????????????????????????????????????
???????
?? A3.1???????? 2.4.27???? 52A20B02pin????????????????? 10??
???? AbH? 10
5???????????????????????? A3.1(a), (b)???????
???????????????? 1????? N1? NE??????????NE????????
??????????????????(a)????? 1???????????? d1 ????? h
????????(b)????? 1??????????? R1????????????????(N1 
/NE ? d1 /h)??????????? 0.2??????????????????????? N1cr? NE
???????????????????????????????????????? eig.N1cr? NE
!"#$%&
'()*!"+,&
!"+,&
!-&
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0 0.5 
(d)?????????
?(a), (b)?????????
(c)???????????
? A3.1?????????????????????????? ????????????????????
??             ???????????????????? 52A20B02pin?b/a = 0.1?
??????????
?N1 ?1???????
?d1 ?1????????
?R1 ?1????????
?h ?????
?  ?   ??????????????
??????????
?eig.N1cr ?????? 1???????
d1 /h
N1 /NE
R1
N1 /NE
(a)?????????
???????????
(b)?????????
???????????
N1cr /NE
eig.N1cr /NE
N1cr /NE
???Ab = AbH?10
4
???Ab = AbH?10
5
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
eig.N1cr /NE
?NE??????????????????????
?Ab?????????????
?AbH???????????????????? (F = 235 
kN/mm2)???? FA??????????????
? (2:1)? H?????????????
A3 – 2
???????????????? (Ab = AbH?10
4)?????????? (Ab = AbH?10
5)??????
?????????????????????????????????????????????
??????52A20B02pin???????? (b/a)? 0.1??????AbH????????????
?????????????????????????52A20B02pin????????? 2.4.1(b)?
???(Ab = AbH?10
4)????? 2.4.27????????????????????????????
???????????????? A3.1???(Ab = AbH?10
4)???? (Ab = AbH?10
5)???????
?????????????????????(c), (d)?????????????????????
???????????????????????????????????1?????? A3.1(a), 
(b)?????????????????????
A4 – 1
付録4．提案手法による計算例
?4.5???????????????????????????????????????????
???????????????????????????? 1?52A15B06fix??????????
??? A4.1?????????????????? 2 %???????????
EIc  k1 = 1.334
EIb
EIb
EIb
EIc  k2 = 1
EIc  k3 = 0.640
EIc  k4 = 0.336 h
h
h
h
l
? A4.1??????????52A15B06fix
KH0_1F = 33.72?10
3 (N/mm)
KH0_2F = 20.08?10
3 (N/mm)
KH0_3F = 18.28?10
3 (N/mm)
????  E = 2.05?105 (N/mm2)
???? 2?????? Ic = 10.26?10
8 (mm4)
????  h = 4,000 (mm)
???? 2?????? Ib = 6.153?10
8 (mm4)
????  l = 6,000 (mm)
?????????????????????
   NE = 129.7?10
6 (N)
ki ?2??????? i????????
KH0_iF ?i??? KH0
KH0???????????????
?????????????????
????????
2層目右外柱の弾性座屈軸力
?2???????????????????????????????????????????
??
????????IcT = Ic ,   hT = h ,   NET = NE ,   IbT = Ib ,   kT = k3
????????Ic = Ic ,      h = h ,    NE = NE ,    Ib = Ib ,    k = k2 ,   KH0 = KH0_2F
????????IcB = Ic ,   hB = h ,   NEB = NE ,   IbB = Ib ,   kB = k1
弾性個材座屈軸力
(i)?????????
?2, 3??????????????????? 2??????????????????????
?????????????????????????? KrT_beam , KrB_beam?????????
KrT _beam = KrB_beam =
4EIb
l
 (A4.1)
?3???????? 4????? 4?????????????4??????????????
????????????????????????????????? KrT_column??? (4.5.2)??
???1????????????????KrB_column??? (4.5.3)?????
(ii)aPcr(0)
?????????????????????????????? (4.4.30)? kr?????? aPcr(0)
??????kr? (Kr = Kr_beam /2)???????????Kr_beam?? (A4.1)????????????
??????2?????????????????????
A4 – 2
????
kr =
Krh
EIc
=
Kr _beam 2( )h
EIc
=
2EIb
l
h
EIc
= 0.7996  (A4.2)
a Pcr 0( ) =
kr( )
2
+10kr +15.9
kr( )
2
+14kr +64.1
39.4EIc
h2
=167.4×106 (N) (A4.3)
(iii)2???????? aPcr(0)?????????????????
?krT??????????
krT _beam =
KrT _beamh
EIc
=1.599  (A4.4)
ψ = π
κ3 a Pcr 0( ) κ2
NE
= 2.855  (A4.5)
??? krT _ column =
KrT _ columnh
EIc
=
ψ 2 sin ψ( )
sin ψ( )−ψ cos ψ( )
= 0.7627  (A4.6)
(krT_beam + krT_column) > (krT_beam /2)??????
krT = krT_beam + krT_column = 2.362 (A4.7)
?krB??????????
ψ = π
κ1 a Pcr 0( ) κ2
NE
= 4.122  (A4.8)
??? krB_ column =
KrB_ columnh
EIc
=
ψ sin ψ( )−ψ cos ψ( ){ }
2 1− cos ψ( ){ }−ψ sin ψ( )
= 0.9230  (A4.9)
(krB_beam + krB_column) > (krB_beam /2)??????
krB = krB_beam + krB_column = 2.522 (A4.10)
(iv)aPcr(1)
?krT? krB?? (4.3.25)? (4.4.28)????????????????
aη =
krT + 4
krB + 4
= 0.9755  (A4.11)
a Pcr 1( ) =
krT +5( ) krB +5( )−15.1+3 aη +
1
aη
⎛
⎝
⎜⎜
⎞
⎠
⎟⎟
krT +7( ) krB +7( )−18.9+17 aη +
1
aη
⎛
⎝
⎜⎜
⎞
⎠
⎟⎟
39.4EIc
h2
= 229.9×106 (N) (A4.12)
a Pcr 1( ) − a Pcr 0( )
a Pcr 0( )
= 0.3734 > 0.02?????????????
(v)2???????? aPcr(1)?????????????????
??????????????(krT = 1.694)?(krB = 1.608)????
(vi)aPcr(2)
?(krT = 1.694)?(krB = 1.608)?? (4.3.25)? (4.4.28)?????? (aPcr(2) = 202.3 ?10
6 N)????
????
???
A4 – 3
??????????? (?12%)???? 3?????????????
(vii)2???????? aPcr(2)?????????????????
??????????????(krT = 1.650)?(krB = 1.548)????
(viii)aPcr(3)
?(krT = 1.650)?(krB = 1.548)?? (4.3.25)? (4.4.28)?????? (aPcr(2) = 200.3 ?10
6 N)????
????????? (?1%)??????????????
aPcr = 200.3?10
6 (N)????aPcr /NE = 1.544
弾性中間座屈軸力
(i)?????????
??????????????????
(ii)aPcr(0)
??????????????????
(iii)2???????? aPcr(0)?????????????????
?krT , krB????????????????????????????????????
KH = KH 0_ 2F +
a Pcr 0( )
h
= 61.93×103 (Nmm)??? kH =
KHh
3
12EIc
=1.570  (A4.13)
(iv)bPcr(1)
?? (A4.6)???? krT??? (A4.9)???? krB????????? kH?? (4.3.56)? (4.3.66)
????????????????
bη =
krT
krB
= 0.9366  (A4.14)
b Pcr 1( ) =
krT +1( ) krT +6( )+ 7krT +12( ) bη +6 bη( )
2
+15kH bη −1( )
2
krT( )
2
+9krT +78+9 krT −6( ) bη +78 bη( )
2
42EIc
h2
= 232.9×106 (N)
 (A4.15)
b Pcr 1( ) − a Pcr 0( )
a Pcr 0( )
= 0.391> 0.02?????????????
(v)2???????? bPcr(1)?????????????????
??????????????(krT = 1.656)?(krB = 1.556)?(kH = 1.778)????
(vi)bPcr(2)
?(krT = 1.656)?(kH = 1.556)?(kH = 1.778)?? (4.3.56)? (4.3.66)?????? (bPcr(2) = 203.0 ?10
6 
N)??????????????? (?13%)?????3?????????????
(vii)2???????? bPcr(2)?????????????????
??????????????(krT = 1.623)?(krB = 1.510)?(kH = 1.787)????
(viii)bPcr(3)
?(krT = 1.623)?(kH = 1.510)?(kH = 1.787)?? (4.3.56)? (4.3.66)?????? (bPcr(3) = 201.5 ?10
6 
N)????????????? (?0.7%)??????????????
bPcr = 201.5?10
6 (N)????bPcr /NE = 1.554
??
?? ??
???
???
A4 – 4
???(aPcr < bPcr)??????2??????????? (Pcr = aPcr)???????????????
?????????
γ =
NE
Pcr
= 0.802  (A4.16)
?????? 1????????????? (Pcr = 293.4?10
6 N)???????? (g = 0.665)????
???3????????????? (Pcr = 199.9?10
6 N)???????? (g = 0.806)????4??
? 5????????????????????????? 1?????????????????
?????????????????
????????????????????????????????????? Pcr? k i????
???????????????????????????????????? 1 ~ 3????? (Pcr 
/ki)??????
 3?????Pcr /k3 = 312.3?106 (N)
 2?????Pcr /k2 = 200.3?106 (N)
 1?????Pcr /k1 = 219.9?106 (N)
2??? (Pcr /ki)???????2????????? (Pcr = 200.3?106 N)?????????????
????????????????????????????????????? 2???????
????? (eig.Ncr = 203.9?10
6 N)?????2.4????????????????????????
????????????????????? (Ncr = 216.1.?10
6 N)???????????????
???????????????? 0.2???????????????????????????
???????????? (1.8 %)?????????????? (7.3 %)????
A5 – 1
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